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The purpose of this work, which is designed for the Port of Pascagoula, is to
locate sedimentation problems, identify sediment characteristics, and devise a method to
decrease the port’s dredging costs. In order to understand what sediment problems are
typical of the Port of Pascagoula the characteristics that are associated with sediment
transportation in the port’s harbors are examined. This examination consists of a field
investigation followed by an extensive evaluation of the data. Once the characteristics
that are unique to the harbors are identified, potential solutions are examined. These
potential solutions are evaluated until a feasible and efficient plan is devised to reduce the
ports dependency on dredging. Recommendations include agitation, a fluid mud trap, and
the practice of active nautical depth. Each of these solutions would allow the port to
reduce its dredge costs.
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CHAPTER 1
INTRODUCTION

Over the years, the use of ships and other vessels to carry cargo has become a
very reliable and economical form of transport. There are more ships sailing on the
world’s waterways then ever before. Ships have become larger in recent years in order to
efficiently carry as much cargo as possible. With this increase in the number and size of
ships, it has caused ports to reevaluate how there facilities are designed. Many port
facilities are not naturally deep enough to accommodate these deeper drafting vessels. In
many cases, ports must deepen their facility to allow these vessels to freely move about
within their harbor. Once a port has changed the natural landscape of their waterways
bottom, steps must be taken in order to sustain the new depth. A main cause of concern
for port operators, concerning the filling in of there facility, is the re-depositing of
sediment. Many facilities decide to dredge when the sediment starts to become a
problem, but do nothing to prevent the problem. Dredging costs, just as with many other
services, have gone up during the past decades. This increase in price has forced many
ports to reconsider dredging as their main line of defense against sediment accumulation.
Many ports now are looking at ways to prevent or at least slow down the deposition of
sediment in their facility. There are many practical methods to prevent sediment build-up
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but each port will have its own set of sedimentation problems, which are distinctive to
that individual facility.
There are several steps which need to be evaluated prior to implementing a
prevention maintenance program for sediment reduction. Research must be done to
identify the problem areas and the specific troubles that these areas are having. Once the
areas and problems are identified there must be extensive field research done to discover
the individual components of the problems. After all the research is done, analysis of the
information must be done so that a solution can be proposed. Once a viable solution,
which takes into account all the parameters, is identified and accepted by the port it must
be implemented.

1.1 Purpose
The main purpose of this project, which will be designed for the Port of
Pascagoula, is to locate sedimentation problems, identify sediment characteristics, and
devise a method to reduce the port’s dredging costs. This thesis will layout the
parameters which have contributed to these problems and then will recommend a valid
engineering solution. The engineering solution, which will be proposed, will be a feasible
and efficient plan designed to reduce the ports dependency on dredging.

1.2 MDOT Port Sediment Solutions – Gulf Coast
The Mississippi Department of Transportation (MDOT) has a very wide variety
of responsibilities. According to MDOT, their mission is “to provide a safe intermodal
2

transportation network that is planned, designed, constructed and maintained in an
effective, cost efficient and environmentally sensitive manner” (MDOT 2007). MDOT’s
responsibility is not just limited to highways and interstates but their responsibilities also
includes waterways and ports. With this responsibility in mind, MDOT decided to partner
with Mississippi State University (MSU) in order to examine the public ports that serve
Mississippi’s Gulf Coast. This project will examine the sedimentation problems which
have interfered with shipping operations in each of the public ports along the Mississippi
Gulf Coast. The four major public ports on the Mississippi Gulf Coast, are the Port of
Bienville, Port of Biloxi, Port of Gulfport, and the Port of Pascagoula, these are pictured
in Figure 1-1.

Figure 1-1 Ports of the Mississippi Gulf Coast (Adapted from Google Earth 2008)
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The project is also concerned with other troubles that are associated with the
sedimentation problem and those are “the expense of dredging and disposal of sediment,
and friction with shippers, who cannot transit and/or berth vessels in areas where
sedimentation has reduced the depth available for navigation and loading/unloading”
(MDOT 2007). The final goal of the project is to recommend engineering solutions that
will reduce or eliminate each ports dependency on dredging for maintenance purposes.
The largest and busiest port on the Mississippi Gulf Coast is the Port of Pascagoula. It is
essential that the Port of Pascagoula be examined very closely so that a feasible solution
can be proposed so that the state’s most prominent port does not face excessive
sedimentation problems. A similar project conducted by Mississippi State University in
cooperation with MDOT examining the sedimentation problems in the ports along the
Tennessee- Tombigbee Waterway was completed in 2004.

1.3 Approach
The research for this thesis was completed in three different phases. In the first
phase preliminary research was done to gather background information on the Port of
Pascagoula. This research involved talking to individuals that had first-hand information
on the port and searching for studies and projects that had been previously conducted on
the design and maintenance of the port. The second phase of the research involved
identifying problem areas in the harbors of the port. Once these problem areas were
identified a field investigation was conducted to gather additional information about the
sites. In the third and final phase, analysis was done on all the information that was
4

collected in the first two phases. This analysis allowed the author to come up with a clear
and effective solution to the Port of Pascagoula’s sedimentation problems.

1.4 Previous MDOT Report
In 2004, Mississippi State University submitted a report to the MDOT entitled
“Port Sediment Solutions for the Tennessee-Tombigbee Waterway in Mississippi”. This
report examined the shoaling problems in the ports along the 234 mile long inland
waterway which was completed in 1984. Mississippi State examined all the ports on the
waterway in Mississippi and proposed individual solutions for each port. This was an indepth study which examined all the parameters of each port’s individual sediment
problems. The report stated that there are six choices that a port can make for dealing
with sedimentation:
1. Do nothing and allow the shoaling to continue undisturbed
2. Continue the present practice of individual port dredging contracts
3. Contract with the winner of the Corps’ Tenn-Tom dredging award to dredge
the ports
4. Contract as a group for dredging
5. Employ the dredging-reduction solution described in the report and dredge the
remainder of depositing sediment
6. Purchase and operate a dredge (Tenn-Tom)
The basic principles illustrated in the report hold true for any port that is having sediment
problems. It would be prudent to look at all these options when evaluating a sediment
5

problem in a particular port. The report went through and looked at the pros and cons to
each of these choices, in order to give the ports the best possible resolution to their
sediment problems.
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CHAPTER 2
SEDIMENT TRANSPORT

In order to understand sedimentation and how it is caused it is necessary to first
define sediment and talk about its processes. Sediment is made up of rock, mineral, shell
fragment, and organic matter and can be transported naturally by water, ice, and air.
Sediment can be a valuable resource that can be used in many different ways, but it is
also one of the greatest water pollutants. It is the fine balance between resource and
pollutant that must be achieved to allow a waterway to function at its highest potential.

2.1 Sedimentation
Sediment is naturally found in rivers, streams, lakes, estuaries, and oceans.
Sediment is found in pretty much every waterway but if there is not enough sediment, or
there is too much sediment, or the sediment is not made up of the right type of material it
can be a hazard to the waterway. The process that involves erosion, deposition, and
transport of sediment is called sedimentation. Sedimentation is a very complicated
process that involves many different aspects.
Sediment comes in many different shapes and a variety of sizes. The sizes range from
small boulder size to the finest of particles, which is illustrated in Table 2-1. Since
different types of sediments have different characteristics, each type will have a different
7

way of moving through a water system. The larger sized particles will tend to bounce or
roll along the bottom, where as the fine particles can be suspended in the water. Some
particles tend to demonstrate traits of both small particle and large particles, by bouncing
or rolling at some points, then being suspended at others. Keep in mind, that the amount
of sediment that is suspended or not suspended mostly depends on the ability of the
system to transport the sediment.

Table 2-1 Classification of Sediment Size (Julien 2002)
Particle Diameter (mm)

Class Name
Boulder
Very large

>2,048

Large

>1,024

Medium

>512

Small

>256

Cobble
Large

>128

Small

>64

Gravel
Very coarse

>32

Coarse

>16

Medium

>8

Fine

>4

Very fine

>2

Sand
Very coarse

>1.000
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Table 2-1 (continued)
Coarse

>0.500

Medium

>0.250

Fine

>0.125

Very fine

>0.062

Silt
Coarse

>0.031

Medium

>0.016

Fine

>0.008

Very Fine

>0.004

Clay
Coarse

>0.0020

Medium

>0.0010

Fine

>0.0005

Very fine

>0.00024

Another factor that will determine how the sediment is transported is whether or
not the sediment is cohesive or non-cohesive. Cohesive sediment will form flocs, which
are sediment particles that have bonded themselves together, which have totally different
settling characteristics than individual particles. Sediment that do not form these flocs are
said to be non-cohesive. There are other factors that can contribute to suspension and
transportation of sediment and these will be discussed throughout the chapter.
The total sediment in a water column is the total sediment load, which consists of all the
material that makes up the sediments presence in the column. The total sediment load
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consists of the bed load and the suspended load. The bed load is made up of the particles
that tend to roll, slide, or hop, and are in frequent contact with the bed of the waterway.
For the bed load, the velocity of the water is much greater then the velocity of the load
itself. The suspended load consists of all the particles that rarely come in contact with the
bed. These particles move basically with the same velocity as the water in the water
column. Total load can be broken down into several other categories but these two are
simplistic in their nature and are easily understood.
Much of the suspended sediment is produced by erosion of a bed upstream. Once
this erosion takes place, the sediment proceeds down stream, where much of it deposits.
This deposition can occur because of an increase in depth or width, which will cause the
flow to slow down allowing sediment particles to settle out of the water column. Deposits
can be a blessing in some areas and a big problem in others. Deposition of sediment can
create new land areas that can be very useful for economic growth, it can create new
habitats for fish and wildlife, and on the coast it can act as a buffer for storm events.
Although there are many good qualities associated with sediment depositing there are
also some bad ones. Sediment deposits can cause many changes, which could be
potentially harmful, some of these include, change of flow, change of depth, and change
of width. Some of these changes can happen very quickly or it may take years but effects
to the waterway can be harmful.
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2.2 Sedimentation in Ports
Sediment deposits are a considered a resource in many water systems, but for
many ports and other waterways that have had work done to deepen them, this same
resource can be a problem. Many ports and waterways are not naturally deep enough to
accommodate deep draft vessels, so they compensate by deepening there facilities. When
the natural landscape of a water system is changed to deepen the channel, sediment will
begin to slowly, or in some cases rapidly, refill the modified waterway channel. Sediment
will tend to accumulate faster in waterways of artificial depth than those waterways that
are still at their natural depth. This process of sediment deposition will be uniquely
different for each facility.
Sediment can be transported into ports by the methods discussed in the beginning
of this chapter, but there are other ways in which sediment can be suspended and
transported into a port system. One of the biggest causes of suspension of sediment in a
port is vessel traffic. Vessels can suspend sediment by the fluctuations in pressure
underneath them; flow under and around them, prop wash striking the bed, and bow and
stern waves agitating the bed and bank (MDOT 2004). Sometimes this agitation of
sediment can be clearly seen, this occurrence is illustrated in Figure 2-1. Another way
that sediment is transported, in coastal ports, is by wave and tidal patterns. These two
phenomena can bring sediment from outside of the port area and deposit it there.
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Figure 2-1 Example of Sediment agitation caused by a Barge (MDOT 2004)
12

2.3 Fluid Mud
A phenomenon observed in many ports and waterways is fluid mud. Fluid mud is
defined as “a high concentration aqueous suspension of fine-grained sediment in which
settling is substantially hindered by the proximity of sediment grains and flocs, but which
has not formed an interconnected matrix of bonds strong enough to eliminate the
potential for mobility” (McAnally et al. 2007a). Fluid mud was originally thought to only
be present in a few locations throughout the world, but it has been observed in numerous
locations and is now thought to be a common occurrence (McAnally et al. 2007a). As
research on fluid mud has developed, the scientific community’s understanding of its
properties has increased.
Fluid mud normally forms in layers near the bottom of lakes, canals, estuaries,
and other coastal waters but can occur in any water body that contains a sufficient
amount of fine-sediments and experiences low intensity flow (McAnally et al. 2007a).
These layers of fluid mud can be very thin or can be several meters thick depending upon
the conditions at a given site. For coastal waterways and ports, fluid mud can be a very
big issue since there are many factors that can contribute to its formation, like tidal
embayments, shelf waters, waves, coastal erosion, and vessel induced agitation
(McAnally et al. 2007a). For some coastal ports that have both water entering the port
from the shelf and from a river source, the formation of fluid mud might be caused by a
combination of the factors previously discussed. In any case, the formation of fluid mud
is caused when “the amount of fine sediment entering the near-bed layer is greater than
13

the dewatering rate of the high density suspension” (McAnally et al. 2007a). In lakes,
bays, and estuaries, the course non-cohesive sediment tends to deposit upstream leaving
the fine cohesive sediment, such as fluid mud, to be transported further downstream
before it is deposited (McAnally et al. 2007a).
Fluid mud is made up of a dense suspension of fine sediment flocs, which is
formed from sediment particles bonding together. These flocs are suspended and form the
layer of fluid mud. Fluid mud is primarily made up of clay and silt particles that are
typically less then 62.5 microns in diameter (McAnally et al. 2007a). The amount of
water in fluid mud will vary, but in all cases it has a slightly higher density than water.
Since fluid mud does have a density that is very similar to that of water, it makes the
detection of fluid mud very tough (McAnally et al. 2007b).
There are many problems that can be caused by fluid mud in water systems. Since
fluid mud, in many cases, is just an intermediate stage in the deposition process it can be
directly linked to sediment build-up and shoaling problems. In some cases there is so
much deposition from fluid mud that ports cannot dredge quick enough to keep the
waterway clear. An example of this phenomenon is in the Savannah, Georgia Harbor,
United States. Other ports have problems with ships depth instruments reading a false
bottom since there is a layer of fluid mud. This can be problematic when large ships
believe that the waterway is too shallow for them to navigate safely, when in all actuality
it is deep enough but the fluid mud is deceiving the ship’s instruments.
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In 2007, a series of two papers were published by the ASCE Task Committee on
Management of Fluid Mud, concerning the properties and management of fluid mud. The
first paper was entitled “Management of Fluid Mud in Estuaries, Bays, and Lakes. I:
Present State of Understanding on Character and Behavior” (McAnally et al. 2007a). This
paper gives a very extensive description of the characteristics of fluid mud.
The paper defines fluid mud as “a high concentration aqueous suspension of finegrained sediment in which settling is substantially hindered” (McAnally et al. 2007a).
This definition lays the foundation for understanding the characteristics of fluid mud. It is
explained that fluid mud forms in water bodies that contain a sufficient amount of finesediment and have periods of low intensity flow. The paper discusses many of the
parameters that apply to fluid mud.
The parameters discussed in the paper give the reader a very good understanding
of how fluid mud not only works, but what is takes to form fluid mud. The final subject
discussed in the paper was examples of fluid mud in ports around the world. This section
showed the differences and similarities of the fluid mud problems all over the world. No
two cases are the same when it comes to fluid mud. There are always characteristics that
are unique to an individual port or waterway that contributes to the formation and
transport of fluid mud.
The second paper in this series was entitled “Management of Fluid Mud in
Estuaries, Bays, and Lakes. II: Measurement, Modeling, and Management” (McAnally et
al. 2007b). This paper discusses the detection, measurement, modeling, and management
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of fluid mud. The paper also gives examples of individual ports that have had fluid mud
problems and how these ports have tried to deal with the problem.
Fluid mud can be very difficult to detect because of some of its properties. One of
the most significant factors to note is that fluid mud has a density that is very similar to
water, which makes it very difficult for instruments to determine the difference between
fluid mud and water. Not only is the fluid mud hard to measure, but it also makes it hard
to measure the depth of a channel accurately. Acoustic depth sounders are the main
instrument in use today for depth measurement, this is one of the contributing factors to
the measurement problem since these instruments, many times, can’t distinguish between
fluid mud and the actual bed. Since fluid mud’s density actually increases with depth it
has forced an examination of what is considered the actual bed.
When it comes to measuring fluid mud there are several parameters that need to
be taken into account and those are the concentration, density, and shear strength. The
concentration of the fluid mud refers to the suspended-sediment concentration and can be
measured by taking a water sample and having it analyzed in a laboratory. Since fluid
mud’s density is so close to water’s density there are a variety of techniques for
measuring the density but many of them are unproven or have only been successful in
certain situations. Shear strength and viscosity are factors that need to be investigated in
order to insure navigable depths, so the measurement of these parameters is becoming
increasingly important. There have been several devices created, such as the nuclear
transmission probe and the tuning fork density probe, to accurately measure fluid mud
but the science is still developing (McAnally et al. 2007b).
16

Modeling of fluid mud in the past was primarily done by using a scale model;
however, in recent years numerical simulation has replaced this method of modeling. The
main topics that many of the models try to address are gravity flow, fluidization, and
consolidation. If these three topics are calculated properly in a model, analysis of the
fluid mud situation in a water body is greatly improved.
Probably the most time consuming process for fluid mud is coming up with a plan
for the management of it. There are so many techniques that could be used for the
management of fluid mud but they all fall under three very basic options. These options
are; keep sediment out, keep sediment moving, or remove sediment once it has deposited.
The second paper adapts these options to form three management techniques which are;
source control, formation control, and removal. Under each of these categories there are
many possible options, some of which will be discussed later. Each individual port needs
to examine their unique problem then determine what option is best suited to help their
problem. Once a port decides on a plan of action there is much more work to be done in
the upkeep of the plan.
The second fluid mud paper written by the ASCE Task Committee gives two
individual examples of water systems that have had problems with fluid mud and those
are the Atchafalaya Bar Channel in Louisiana, and the Savannah River Channel and
Harbor in Georgia. These two ports both had different problems with different solutions.
Once the problems of the ports were examined and all the information was laid out a
clear and effective solution was proposed and implemented for both ports. Overall the
two fluid mud papers by the ASCE Task Committee in 2007 stressed the importance of
17

understanding the factors that are associated with fluid mud when trying to examine
systems that are facing these types of problems.
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CHAPTER 3
ENGINEERING SOLUTIONS

When a port is experiencing problems due to sedimentation build-up it is
necessary to evaluate the cause of the problem then look for a possible solution that fits
the parameters of the problem. The three categories that most engineering solutions fall
under are solutions that keep sediment out, keep sediment moving, and removal of
sediment once it is deposited. Every port is going to have unique characteristics and
problems that need to be addressed. A port could only need one of these categories in
order to solve its problems or it might require a combination of the categories.

3.1 Keep Sediment Out
If a port is able to keep the amount of sediment inflow to a desirable rate then the
port’s sediment build-up problems may be dramatically reduced. Keeping sediment out of
a port can be done by a variety of ways. A port can examine the banks and beds that
directly affect the port and try to stabilize the sediment in those locations. A diversion of
sediment around a port is another option that could improve the situation. A port could
also install barriers and traps that are designed to stop the sediment before entering the
port.
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A good starting point for a port to look at is the surrounding areas and examine
the banks and beds that could be contributing to their sediment problem. If it is
determined that one of these factors is contributing to the problem there are several
solutions that could help. A port could begin by armoring eroding banks and bed with a
variety of materials such as rip rap, concrete mats, and vegetation. This could stabilize
the banks and bed such that the sediment does not find its way into the waterway. Also, a
port could install structures such as dikes and weirs which would help take some of the
force, caused by the current of the waterway, off of the bank and the bed allowing less
sediment to be introduced into the system, such structures have been used in the
Ninilchik Harbor in Alaska (USACE 2002). These types of structures would need to be
examined in order to determine the amount of impact that they would have on the
shoaling to insure that they did not cause scouring, since they will increase the speed of
the water.
If physical characteristics of a port allow it is possible to design a separate
waterway to carry sediment around the port. This technique will only apply to ports that
have a channel that is discharging into it and might take a significant amount of land to
construct a new waterway or divert the source to an existing waterway. If the
characteristics of a port are such that this solution is an option it will be a valuable
solution since it would allow the sediment to freely move but still stay out of the port.
This technique was implemented at Mission Bay, California where river flow was
separated from the harbor entrance and it reduced the shoaling in the navigational
channel (USACE 2002).
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Some of the more common solutions that are designed to keep sediment out
utilize barriers and traps to stop the advancement of sediment. There are several different
types of barriers that can be used to accomplish this task. These barriers include dams,
pneumatic barriers, and silt screens.
Dams can be used as a good way to keep sediment out of a desired area. This
technique can be very useful in areas where there is a good amount of sediment entering a
port from the sea. There will be some sediment that makes it through flood gates or locks
but the dam will have kept the majority of sediment out of the area. This method has been
implemented in the Port of Antwerp where a sea lock separates the port from the sea and
has been very effective in keeping sediment from entering the port (McAnally et al.
2007b). The expenses associated with building a dam would need to be taken into
consideration and then weighed against the expenses of other options. Also the
environmental impact of the dam needs to be taken into consideration since it will not
only be keeping sediment out but fish and nutrients that are found in the waterway.
Pneumatic barriers sometimes called bubble curtains are a very unique way to
keep sediment out of areas. These machines work by “pumping compressed air through a
submerged manifold” (MDOT 2004). Once these bubbles are released from the manifold
they travel upward creating a curtain that flows outward at the surface, as seen in Figure
3-1. This curtain effect acts as a barrier keeping some of the suspended sediment out of
the protected area. Much of the suspended sediment that comes in contact with the barrier
travels upward and then is transported, by the current, away from the protected area.
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Figure 3-1 Flow patterns near a pneumatic barrier (MDOT 2004)
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In order to use this technology several pieces of equipment are needed such as an
air compressor, supply line, and a diffuser system. Ports that are considering this type of
solution need to have research conducted to see what the prime operational conditions for
the barrier is. It may need to run all the time or in some cases might only need to run
during certain stages of the tidal cycle. The port also needs to understand that there will
be some instillation time associated with this solution that might hinder the operation of
the port. Regular maintenance will need to take place in order for the system to work at
its most efficient level.
For some situations a physical barrier is the right solution. In that situation a silt
screen might be the right tool to keep sediment out. Silt screens or silt curtains are
“vertical flexible structures that extend downward from the water surface to a specified
water depth”, depicted in Figure 3-2 (Francingues and Palermo 2005). These barriers are
designed to keep suspended sediment out of a particular area but still let the water flow
freely.
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Figure 3-2 Typical Silt Curtain (Francingues and Palermo 2005)

If the right application is available a silt screen can block much of the suspended
sediment from passing. In some cases where silt screens have been implemented silt
screens have lowered the turbidity of the protected area by 80-90 percent (Francingues
and Palermo 2005). Even thought the screen seems to reduce the sediment intake
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dramatically there are some gaps that will allow sediment to flow through, particularly at
the bottom of the water column where the screen may not reach. If a port is having a
problem with fluid mud traveling at the bottom of the water column this solution may not
apply. This technique also requires a boat or some other sort of method to pull the screen
back when a ship wants to enter the port. The cost of maintaining and operation of the
ship and crew would need to be taken into consideration during the planning process.
Another method of keeping sediment out of a port is by creating a trap for the
sediment to accumulate in. A sediment trap is designed to slow down currents enough to
where the suspended sediment will settle out of the water column and deposit itself into a
localized area. Once a trap is in place there are a few different ways to dispose of the
materials. A fixed dredge pump placed in a sediment trap would allow for a port to pump
the materials out at their convenience. If the materials that are being trapped are not the
ideal materials, such as fluid mud, the pumps might have difficulty removing the material
and this would cause a problem. The more conventional way to dredge the material is by
using traditional clamshell dredges (MDOT 2004). A sediment trap was incorporated into
the Savannah Harbor in Georgia. Once the sediment trap was implemented sedimentation
in the port and the connected areas was reduced by 50-64% and the unit cost of dredging
was reduced by about 50% (McAnally et al. 2007b)
Sediment traps can be designed for a variety of location and can be adapted to
compensate for most sediment types. In most cases when installing sediment traps there
will need to be some dredging in the initial phase in order to deepen the area where the
trap is located. This cost will need to be examined and factored in to the decision making
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process. This solution will not decrease the amount of material that needs to be dredged,
in some cases it might actually increase it, but it will localize the dredging which will cut
the dredging cost (MDOT 2004). One of the biggest advantages to this solution is that the
materials that need to be dredged will be located in one area and will allow the port to
experience longer periods without sediment build-up.

3.2 Keep Sediment Moving
Once sediment is in a port, one of the options is to keep the sediment moving. If
the sediment is constantly moving and does not have time to deposit this could cut down
on the amount of maintenance dredging that is needed. There are several structures and
devices that can be put into place that help with the movement of sediment.
The most common structure used to keep sediment moving is the dike. The dike
can have many different configurations. These structures can be submerged or can be
made to stick out of the water. One of the advantages to dikes is that they can be made
out of a variety of materials that can be found just about anywhere. Multiple dikes can be
placed in a single port in order to get the desired result provided they don’t interfere with
navigation. Every situation is different therefore each dike design will be unique but these
designs will keep the current at a particular speed that will allow the sediment to stay
suspended through the port. Diversion dikes have been incorporated, along with other
methods, in the Hudson River Channel in order to reduce the amount of shoaling
(USACE 2002).

26

Two other options for keeping sediment moving are current deflection walls and
water jet manifolds. Both of these options are not as widely used as the construction of
dikes but they both have features that could prove useful in curtain situations. Current
deflection walls are designed to direct the tidal currents in a manner that the majority of
the sediment is prevented from depositing inside the port. A current deflection wall has
been in use in the Köhlfleet basin, in Hamburg, Germany, for over a decade and is
responsible for a 40% reduction in the siltation rate (PIANC 2008). A water jet manifold
is designed to create a new current of water or to speed up the water current that already
exists in order to keep the sediment suspended while it is in the port. One of the first
implementations of a water jet manifold was in the Mare Island Naval Shipyard in
Vallejo, California where these devices were used for a period of time and showed to be
effective in keeping sediment value (PIANC 2008).

3.3 Removal of Sediment
The third way that deposition of sediment can be handled is by removal once it
has settled out into the port. The main two ways that this can be accomplished is agitation
and dredging. These methods are proven tactics that work very well when they are
utilized under appropriate circumstances.
Agitation of sediment is one of the quickest ways to get deposited sediment out of
a port. There are several ways that agitation can be accomplished, two of which are
dragging rakes behind vessels and using the prop wash from a vessel. In both cases the
desired result is to re-suspend the sediment that is depositing on the bottom of the
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waterway in hopes that the sediment will flow with the current away from the port. For
ports that are located in tidal waters the agitation needs to coincide with the ebb flow in
order for the suspended sediment to be transported out of the port. This particular method
can be paired with other methods in order to maximize the removal of sediment.
Agitation has been used for many years in the Lower Mississippi River and has proven to
be an economical solution (USACE 2002).
Although agitation is a quick and relatively easy method for the removal of
sediment there are several problems that are associated with this practice. One of the big
problems is its effect on the water quality of the agitated area. The dissolved oxygen that
is contained in the water system is the main criterion that is affected. Since this practice
does seem to impair some waterways, it is believed that it is banned in some areas. So
studies would have to be conducted to evaluate the effects that this practice would have
on a particular system if it was to be considered.
The most common way that sediment is removed once it is in a port is by
dredging. Once suspended sediment has settled out of the water column and deposited
itself on the bed dredging is the most effective way of disposing of the material. This
process can be accomplished by many different types of dredging equipment which one
type is the grab dredge. The grab dredge is one of the most common types of dredges and
is frequently used in the Port of Pascagoula and ports around the world, as seen in Figure
3-3. This machine works by using a crane to lower a grab into the water where it collects
sediment then transports it to a barge that is then towed to a disposal area.
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Figure 3-3 Grab dredge and barge (Wikipedia 2008)

Dredging can be a very time consuming and expensive process. The area that is
being dredged is not useable during the dredging process since the equipment needs room
to work. This could cause devastating delays if the dredge is positioned in the middle of a
busy channel that services a port. These kinds of delays could cost ports and shipping
companies large amounts of money. Also with the rise of gas prices and the increasing
difficulty to locate dredging services in certain areas the total cost of dredging has
increased, for example the Port of Pascagoula has paid between $2.96 to $4.90 per cubic
yard for dredging, over the past 10 years, which has cost the port hundreds of thousands
of dollars. One alternative to contracting a dredging company is for a port to buy its own
dredge, but this would also be expensive. Another problem is the availability of disposal
sites, which could dictate the manner in which the sediment is removed and disposed of.
Overall a port will need to evaluate the overall cost when considering dredging as a
solution.
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CHAPTER 4
PORT OF PASCAGOULA

The Port of Pascagoula is located in Jackson County, Mississippi, which is in the
southeastern portion of the state as shown in Figure 4-1. The Port is 32 miles west of the
entrance to Mobile Bay, Alabama, and is 100 miles east of New Orleans, Louisiana. The
Jackson County Port Authority governs the Port of Pascagoula. The entire facility
consists of approximately 17 miles of channels for oceangoing vessels, about 10 miles of
channels for barges and other shallow-draft vessels and 75 acres of terminal, 10.6 acres of
which are hard surface loading areas. The facility also has 8 general cargo warehouses
and 2 cold storage warehouses, which provide about 885,000 square feet of storage
(JCPA 2007). The port consists of two separate harbors, the West Harbor located in the
Pascagoula River, and the East Harbor located in Bayou Casotte. The Port of Pascagoula
has 9 deepwater berths and one barge birth. Overall the Port of Pascagoula is the largest
port in Mississippi and ranks in the top 20 ports for foreign cargo volume in the United
States (JCPA 2007).
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Figure 4-1 Port of Pascagoula (JCPA 2007)

4.1 Description of Harbors of the Port of Pascagoula
The West Harbor, also known as the Pascagoula River Harbor, is located at the
mouth of the Pascagoula River about 13 miles from the deep water shipping lanes. The
West Harbor’s channel has a design depth of 38 ft. and contains 5 terminals. The West
Harbor is illustrated in Figure 4-2. The West Harbor’s docks are located on the west bank
of the harbor. As seen in Figure 4-2, Terminal D, depicted by yellow, is located at the
northern end of the harbor and has a 500 ft. by 30 ft. wharf. Terminal B, depicted by blue,
is a 544 ft. x 30 ft. wharf. Terminal C, located between Terminals B and D, has a cold
storage facility and can accommodate vessels up to 718 ft in length. Terminal A, depicted
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by red, is a 500 ft. x 30 ft. wharf. The South Terminal Dock is located south of Terminal
A and is a 800 ft. wharf which positioned next to the shipping channel.

Figure 4-2 West Harbor (JCPA 2007)

The East Harbor, also known as the Bayou Casotte Harbor, is located about 11
miles from the deep water shipping lanes. The harbor has a design depth of 42 ft. and a
turning basin that is 940 ft. wide. The East Harbor, as seen in Figure 4-3, has a total of 4
terminals, which are all located on the eastern bank of the harbor. Terminals E and F are
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on the north end of the Bayou Casotte Channel. Terminal E has a 517 ft. x 37 ft. wharf,
and Terminal F has a 737 ft. x 55 ft. wharf. Terminals G and H are both located on the
southern side of the public terminals. Terminal G has a 516 ft. x 60 ft. wharf and a 695 ft.
x 120 ft. barge berth, also Terminal H has a 556 ft. x 35 ft. wharf.

Figure 4-3 East Harbor (JCPA 2007)
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The Jackson County Port Authority is not responsible for dredging the entire port
facility. A large portion of the port is managed by the United States Army Corps of
Engineers and is considered a federal channel. Since much of the port is under federal
jurisdiction these areas are dredged and maintained by the Army Corps. The port
authority is only responsible for the maintenance and dredging of the areas that they
directly manage. In the Pascagoula River Harbor, the port authority is responsible for
much of the area along the west bank of the waterway, depicted by the dark gray area in
Figure 4-4. In the Bayou Casotte Harbor, the JCPA manages the public terminal and the
area surrounding it on the east side of the harbor, depicted by the dark gray area in Figure
4-5. The areas that are not shaded gray in Figures 4-4 and 4-5 are managed by the Army
Corps of Engineers and are not the responsibility of the Jackson County Port Authority.
While the focus of this report is the Jackson County Port Authority’s maintenance
requirements, both the port and federal maintenance requirements must ultimately be
addressed together.
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Figure 4-4 Jackson County Port Authority’s Area of Responsibility for Pascagoula River
Harbor (Area shaded gray illustrates region that is managed by the JCPA)
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Figure 4-5 Jackson County Port Authority’s Area of Responsibility for Bayou Casotte
Harbor (Area shaded gray illustrates region that is managed by the JCPA)
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4.2 Sedimentation and Dredging History
In order to illustrate the sedimentation and dredging history, it will be necessary
to discuss both the federal and local channels. Since both the federal channel and local
channel are connected, the dredging of one of the channels will affect the other channel.
The Port of Pascagoula in both federal and local channels has experienced significant
sediment problems. Over the past several decades, the port has been dredged on a regular
basis. According to the Allen Moeller, the manager of the facilities at the Port of
Pascagoula, the local channel in the Bayou Casotte harbor needs to be dredged every 48
to 72 months and the local channel in the Pascagoula River harbor needs to be dredged
every 18 months in order to operate without problems. Over the years there has been
frequent dredging of the federal channels in the port and in the shipping channel, which
connects the port to the Mississippi Sound, as shown in Table 4-1. There are plans for
future dredging that would increase the depth of the Pascagoula River harbor channel
from 38 ft. to 42 ft. This dredging would affect both the federal and locally managed
portions of the harbor.
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Table 4-1 Dredged material placement at the Pascagoula offshore dumping site (USACE
2006)
Year

Material Type

Project

1992

Volume (cubic
yards)
168,200

O&M: Sand

Navy Channel

Classification
of work
Federal

1993

1,161,000

O&M: Sand

Civil Works Channel

Federal

1998

1,600,000

O&M: Silt/Clay

JCPA

Port

1999

414,200

O&M: Sand

Civil Works Channel

Federal

2002

630,000

O&M: Sand

Civil Works Channel

Federal

2003

741,000

O&M: Mixture

Civil Works Channel

Federal

559,000

O&M: Mixture

Navy Channel

2004

1,009,000

O&M: Mixture

Civil Works Channel

Federal

2005

121,000

O&M: Mixture

Civil Works Channel

Federal

(NW=New Work; O&M= Operations & Maintenance; cy = cubic yards)
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According to the Army Corps of Engineers Mobile District, it is estimated that
3.06 million cu m of dredged materials from the federal regulated shipping channels will
need to be removed and disposed of every 3 years for the next 40 years (USACE 2003).
In the past, the dredged materials from the federal channels have been placed in an Ocean
Dredged Material Disposal Site (ODMDS), pictured in Figure 4-6. The materials that are
removed from the areas that are managed by the Jackson County Port Authority are
disposed of in one of the two Dredge Material Management Sites located on the west side
of the Pascagoula River Harbor and the Bayou Casotte Harbor.

Figure 4-6 Ocean Dredged Material Disposal Site (USACE 2003)
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According to the manager of the facilities at the Port of Pascagoula, Allen
Moeller, the last time that the Port Authority had to dredge areas under their jurisdiction
was in 2005. In 2005 the Port Authority removed 56,881 cubic yards from its property in
the Bayou Casotte harbor at a cost of $4.90 per cubic yard. The total cost of the dredging
was $488,716.90 which included adjustments for disposal. The areas in the Bayou
Casotte harbor which are managed by the port authority are reported to need dredging
every four to six years. The last recorded dredging in the harbor prior to 2005 was in
1998, so it is apparent that the harbor is not dredged until the shoaling problem starts to
hinder the normal operations of the harbor. The last record obtained concerning the
Pascagoula River harbor was from 2000. In 2000 the port authority had 96,857 cubic
yards removed from their facility at a cost of $2.96 per cubic yard. The total cost of the
dredging work was $325,146.72, which includes charges for down-time experienced by
the dredging contractor.
The sediment from the last dredged area conducted by the Army Corps of
Engineers was tested and they concluded that the dredged materials are “primarily finegrained silt/clay with a trace of sand” (USACE 2003). Also according to Unified Soil
Classification System the material is classified as “a gray sandy clay” (USACE 2003).
The sediment had a settling velocity of 0.226 ft/hr and properties as shown in Table 4-2.
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Table 4-2 Sediment Characteristics (USACE 2003)
Characteristic
Specific Gravity of Solids

Value
2.74

Water Content

186.5%

Void Ratio

6.60

Solids Concentration (particulate)

315.0 g/l

Atterberg Limits
Liquid Limit

136.0

Plastic Limit

37.0

Plasticity Index

99.0
Grain-Size Distribution

Percent Gravel

0.0

Percent Sand

0.4

Percent Silt/Clay

99.6

Classification

Gray Sandy Clay

The sediment along the bottom of the main navigational channel consists of silt
and clay/mud (less than 62 microns) to fine to medium sand (USACE 1985). The harbors
themselves lie in a silt and clay/mud region. The channel leading to the East Harbor
consists primarily of silt and clay sedimentation, while the channel leading to the West
Harbor consists more of fine and very fine sands (62 to 250 microns). About two miles
south of the West Harbor’s mouth the channel becomes a silt and clay/mud mixture,
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which then returns to a sandy material upon the union with the East Harbor’s channel
(USACE 1985).

4.3 Sediment Transport Process
The distribution of sediment in the port can be caused by several factors, such as
freshwater inflow, reworking of eroded sediments, storm events, flocculation of
sediments, and water circulation (USACE 1985). Much of the circulation around the
Pascagoula River Harbor is created by the freshwater discharge from the Pascagoula
River. The average discharge of the Pascagoula River into the harbor is about 3,000 cubic
feet per second (courtesy of EPA Region 4). The discharge of the river creates a very
visible sedimentation plume as illustrated in Figure 4-7.
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Pascagoula River Harbor
Bayou Casotte Harbor

Figure 4-7 Sedimentation Plume (Adapted from Google Earth)

Another very important factor in sedimentation process is the tidal patterns of the
region. The port’s tides are diurnal with a mean range being about 1.4 ft., except during
storms when it increases to about 3.75 ft. (USACE 2007). The average monthly wave
heights for the Port of Pascagoula are illustrated in the Figure 4-8.
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Figure 4-8 Average Monthly Wave Height (USACE 2007)

Wave agitation could potentially disturb shallow areas causing sediment to be
suspended and then transported to alternate locations. This sort of phenomenon could
cause large amounts of sediment to be suspended during times of large wave activity.
Along with the wave heights, the currents of the region influence the positioning of
sedimentation build up. Figures 4-9 and 4-10 show the peak spring flood and ebb currents
of the region. This data allows us to get a better understanding of the tidal circulation that
is occurring in the area. At peak flood the currents are generally slow, with speeds of
about .015 m/sec, and have trajectories towards the west-northwest (USACE 2003). As
one can see from the currents illustrated in the figures cited above, the currents closest to
the shore generally run parallel to the coastline. The speed of the ebb current is highest
with an average of about 0.27 m/sec, around the discharge areas of the freshwater rivers
that input into the port. At these freshwater inputs there is a increased probability of
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sediment build up in the areas that are not in the main flow of the currents. These areas
are usually inlets or coves that do not have the same current patterns and have static water
flow. Figure 4-11 illustrates the bottom currents of the region to give a better
understanding of the circulation of the flow.

Figure 4-9 Current map of peak spring flood tide for existing-configuration Condition
(USACE 2003)
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Figure 4-10 Current map of peak spring ebb tide for existing-configuration Condition
(USACE 2003)

(Filled contours indicate current magnitude, vectors indicate current direction)
Figure 4-11 CH3D bottom currents for Alternative 00 (13 August 1990, 2200 GMT)
(USACE 2003)
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CHAPTER 5
FIELD INVESTIGATION AND ANALYSIS

5.1 Problem Areas
Possible problem areas in both harbors were identified, in both the local and
federal channels, by analyses of hydrographic surveys prepared by the Mobile District of
the United States Army Corps of Engineers which were available on their website
(USACE 2008). In order to provide reliable solutions it will be necessary to examine the
entire port, which includes both the federal and local channels. The hydrographic surveys
used in these observations have been conducted over several years and span different
stages of the port’s development. Surveys which were conducted directly before dredging
operations were instrumental in identifying shoaling in the harbors and were examined
closely to see where the majority of sediment was being re-deposited. The depths of the
pre-dredged and post dredged surveys were compared to see the total amount of shoaling
that was occurring. The remaining surveys were examined to identify how fast the
sediment was depositing in these same areas. If there is fluid mud present, in either of the
harbors, it will be very difficult to accurately measure it. It is very difficult to detect fluid
mud while conducting acoustic hydrographs, but these surveys still give the best
estimates for shoaling (McAnally et al. 2007b). There were several areas in Pascagoula

47

River Harbor and in the Bayou Casotte Harbor that exhibited significant shoaling which
are depicted in Figures 5-1 and Figure 5-2.
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Figure 5-1 Problem areas in Pascagoula River Harbor (Yellow Ovals = located in areas
managed by the Army Corps, Red Ovals = located in areas managed by JCPA) (Adapted
from Google Maps)
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Figure 5-2 Problem areas in the Bayou Casotte Harbor (Yellow Ovals = located in areas
managed by the Army Corps, Red Ovals = located in areas managed by JCPA) (Adapted
from Google Maps)
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5.2 Field Investigation
A preliminary field investigation was conducted on June 3, 2008 in which
samples were taken from the water column and sediment was sampled from the bed.
General areas of interest, both in the local and federal channels, were located prior to the
field investigation but some onsite decisions were made to determine additional sampling
locations. All of the areas that were determined to have sediment problems were sampled
along with other sites to get a good representation of the entire port. A total of fifteen
sites were sampled in the port, seven of which were located in the Pascagoula River
Harbor, depicted in Figure 5-3, and eight were located in the Bayou Casotte Harbor,
depicted in Figure 5-4.

51

7
6

5

4
3
1
2

Figure 5-3 Pascagoula River Harbor Sample Sites (Adapted from Google Maps)
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Figure 5-4 Bayou Casotte Harbor Sample Sites (Adapted from Google Maps)
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The sediment samples from the bed were taken by using a shallow water dredge,
which was lowered to the bottom of the port where it took a grab sample of the bottom
sediment. The bed sediment samples were then transferred from the shallow water dredge
to one gallon plastic buckets. Once a sample was transferred to a bucket, the bucket was
then sealed shut and put on ice to preserve the samples. Once all of the sediment samples
were taken, proper steps were taken to ice and transport these samples back to the
Mississippi State Civil and Environmental Engineering lab where they were then stored
in a refrigerator until they were processed. A sieve and pipette analysis was conducted on
each individual sample in order to determine the grain sizes of the sediment that was
located in the port. The grain size samples that proved to be the most useful were those
taken at the sites leading into the harbors. These sites are identified as sites two, seven,
and eight and their particle size curves are depicted in Figure 5-5, Figure 5-6, and Figure
5-7.
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Figure 5-5 Particle Size Curve for Station 2.

Particle Size Curve - Sample PP7
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Figure 5-6 Particle Size Curve for Station 7.

55

0.001

Particle Size Curve - Sample PP8
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Figure 5-7 Particle Size Curve for Station 8.

At each site, three water samples were taken in order to give a profile of the water
column. Samples were taken, for the majority of the sites, at depths of one foot, fifteen
feet, and at one foot above the bottom of the site. There were a few sites that were
relatively shallow so for these sites, the fifteen foot sample was not taken but a sample at
the mid depth was. Several duplicate samples were taken to verify the results of the
analysis process. A total of 60 one liter samples were taken by using a Niskin tube water
sampler. Once taken, each sample was transferred into a one liter plastic sample bottle
which was then placed in a cooler containing ice. The samples were preserved on ice
until they were analyzed at the lab. Once at the lab, a total suspended solids analysis was
performed. Like the sediment samples, the sites that proved to be the most relevant in the
analysis of the suspended sediment data were sites two, seven, and eight, which are
depicted in Table 5-1, the entire sampling set table is located in the Appendix.
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Table 5-1 Analysis of Sample Stations

Sample
ID

Sample
Description

A-40

Station 2 depth of 1’
(water sample)

D-3

Station 2 depth of 15’
(water sample)

B-34

Station 2 bottom
sample (water
sample)
Station 7 depth of 1’
(water sample)

A-29
C-24

Station 7 depth of 15’
(water sample)

B-30

Station 7 bottom
sample (water
sample)
Station 8 depth of 1’
(water sample)

B-24
B-8
C-19

Station 8 depth of 15’
(water sample)
Station 8 bottom
sample (water
sample)

Volume
Filtered
(mL)

Filter
Weight
(g)

Filter +
Resid.
Weight
(g)

TSS
(mg/L)

500

0.1336

0.1426

17.90

500

0.1334

0.1411

15.40

500

0.1329

0.1425

19.20

500

0.1322

0.1372

10.00

500

0.1327

0.1388

12.10

500

0.1350

0.1587

47.40

500

0.1329

0.1403

14.70

500

0.1351

0.1500

29.80

500

0.1343

0.3811

493.70

While sampling in the port, a layer of fluid mud, which was defined in Chapter 2,
was detected flowing along the bottom of the Pascagoula River Harbor. This layer of
fluid mud was estimated to have a thickness of approximately two feet but this may
increase during different tidal stages. When the water samplers were lowered down to
sample one foot from the bottom, the fluid mud would flow directly into the sampler.
Since the fluid mud was observed, it was determined that a sample was not necessary
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since fluid mud has a very high concentration of suspended sediment. It was concluded
that a sample right above the fluid mud would be more useful to see what the total
suspended sediment was above the layer. The fluid mud was most likely missed by the
hydrographic surveys because of the surveys’ use of acoustic technology. Acoustic
technology is very consistent in detecting hard bottom areas but is very inconsistent in the
detection of fluid mud (McAnally et al. 2007b).
After preliminary analysis of the samples, it was determined that more samples
were needed to fully understand the sedimentation processes and to validate the original
findings in the port. It was decided that samples were needed during each of the tidal
cycle stages in the Port of Pascagoula. On July 14, 2008 Isco automatic water samplers
were positioned in both harbors, and were set to take samples every hour for twenty four
hours. Since the port’s tidal cycle is diurnal, the twenty four hours of samples was
necessary to capture every stage of the cycle. A total of forty-eight water samples were
taken from the port by the Iscos. Once the Iscos were finished sampling the water, the
samples were then transferred to coolers where they were iced until they were transported
back to the lab at Mississippi State University.
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X

B

2

Figure 5-8 Second sampling in Pascagoula River Harbor (Yellow Dots = Additional
Water Sampling Stations, Red Dots = Isco Sampling Stations) (Adapted from Google
Maps)
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A

Y

Figure 5-9 Second Sampling in Bayou Casotte Harbor (Yellow Dots = Additional Water
Sampling Stations, Red Dots = Isco Sampling Stations) (Adapted from Google Maps)
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Additional water samples were also taken in the port to validate findings from the
preliminary investigation. Samples were taken at the entrance of the Mississippi sound, at
both harbors, and at the north end of the Pascagoula River Harbor. These sampling
Stations identified as 2, X, and Y are depicted in yellow in Figure 5-8 and Figure 5-9.
Each station was sampled in the morning and in the evening to get a concentration at
different times in the tidal cycle. While sampling at station X, a layer of fluid mud was
observed in both the morning and evening sampling times. Also, there was a layer of
fluid mud observed at station 2 but it did not appear to be as thick as the layer sampled at
station X.
Once all the samples from both the Iscos and the Niskin tubes were transported
back to the lab at Mississippi State University, analysis was done to determine the total
suspended solids (TSS) in each of the samples. The results from the Isco sampling are
represented in Figures 5-10 and Figures 5-11. From the analysis of the TSS for the
Pascagoula River Harbor it was determined that there was an average concentration of
about 25 mg/L over a tidal cycle. It was also determined from the Bayou Casotte TSS
data that the average concentration range is around 85 mg/L during this sampling period.
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TSS During Tidal Period for Pascagoula River
Harbor
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Figure 5-10 TSS During Tidal Period for Pascagoula River Harbor

TSS During Tidal Period for Bayou Casotte
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Figure 5-11 TSS During Tidal Period for Bayou Casotte Harbor
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The samples that were taken at stations 2, X, and Y appear to give a good
representation of what is going on at each station during different stages of the tidal
cycle; those values are in Table 5-2. It should be noted that there was an increased
amount of traffic in the port on July 17 and this traffic might have agitated some of the
sediment.

Table 5-2 TSS of water samples from July 15 and 17, 2008
Filter +
Resid.
Weight
(g)

Sample Description

Volume
Filtered
(mL)

Station 2 depth of 1’ (8:22) July 15, 2008
Station 2 bottom sample (8:22) July 15, 2008

500

0.1287

0.1328

8.1

500
500
500
500
500
500

0.1297
0.1292
0.1296
0.1288
0.1289
0.1282

0.1451
0.1329
0.1357
0.1358
0.1413
0.1325

30.9
7.4
12.1
14.0
24.8
8.7

500
500
500
500
500
500
500
500
500

0.1294
0.1295
0.1304
0.1293
0.1291
0.1299
0.1283
0.1272
0.1284

0.1467
0.1331
0.1385
0.1674
0.1328
0.1402
0.1438
0.1435
0.1340

34.7
7.3
16.2
76.2
7.4
20.7
31.0
32.7
11.2

500
500

0.1303
0.1295

0.1366
0.1339

12.6
8.8

250
500

0.1279
0.1286

0.2108
0.1475

331.6
37.9

500

0.1292

0.1423

26.3

Station X depth of 1’ (8:33) July 15, 2008
Station X bottom sample (8:33) July 15, 2008
Station Y depth of 1’ (9:03) July 15, 2008
Station Y bottom sample (9:03) July 15, 2008
Station Y depth of 1’ (17:40) July 15, 2008
Station Y bottom sample (17:40) July 15,
2008
Station 2 depth of 1’ (17:50) July 15, 2008
Station 2 depth of 1’ (8:17) July 17, 2008
Station 2 bottom sample (8:17) July 17, 2008
Station X depth of 1’ (8:24) July 17, 2008
Station X bottom sample (8:24) July 17, 2008
Station Y depth of 1’ (8:40) July 17, 2008
Station Y bottom sample (8:40) July 17, 2008
Station Y depth of 1’ (15:33) July 17, 2008
Station Y bottom sample (15:33) July 17,
2008
Station 2 depth of 1’ (15:54) July 17, 2008
Station 2 bottom sample (15:54) July 17,
2008
Station X depth of 1’ (16:04) July 17, 2008
Station X bottom sample (16:04) July 17,
2008
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Filter
Weight
(g)

TSS
(mg/L)

5.3 Interpretation of Samples and Analysis of Situation
Several calculations were made in order to interpret the values of the samples that
were collected from the Port of Pascagoula. During the calculations for interpretation of
the samples, there was no distinction made between the federal and local channels since
the problems that affect the local channels will also affect the federal channels. The first
step was to try to discover the main source of the sediment. In order to do this, the water
samples that were taken in the port were used. The total suspended sediment found in the
water samples can give a clue to the areas that is contributing the most sediment to the
port. The theory behind taking samples at different depths was to get a good picture of
the entire water column.
The Bayou Casotte harbor was evaluated first, since there is only one probable
source of sediment. An examination of the TSS of the harbor was conducted looking at
the TSS data from each depth and the average of the depths, as seen in Figure 5-12 and
Figure 5-13. These figures also take into consideration the range that is exhibited
throughout the entire tidal cycle. Since there is no real discharge in the north end of the
port, it is assumed that the majority of the sediment entering the port is from the
Mississippi Sound. With this assumption in mind, the majority of the analysis will be
conducted using the stations at the mouth of the port, since this appears to be where the
majority of the sediment will be entering.
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1’ = 12.00 mg/l
15’ = 9.50 mg/l
Bottom = 69.80 mg/l

15
1’ = 8.30 mg/l
15’ = 17.30 mg/l
Bottom = 12.70 mg/l

1’ = 17.20 mg/l
10’ = 14.10 mg/l
Bottom = 25.00 mg/l

1’ = 11.90 mg/l
15’ = 12.90 mg/l
Bottom = 415.30

1211

14

13

1’ = 15.60 mg/l
15’ = 12.10 mg/l
Bottom = 28.10 mg/l

10

1’ = 9.80 mg/l
15’ = 9.60 mg/l
Bottom = 66.20 mg/l

1’ = 17.50 mg/l
15’ = 36.90 mg/l
Bottom = 59.80 mg/l

9
1’ = 14.70 mg/l
15’ = 29.80 mg/l
Bottom = 493.70 mg/l

8

Figure 5-12 TSS of Bayou Casotte Harbor (Adapted from Google Maps)
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28.53
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9
179.40
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Figure 5-13 Average of TSS Bayou Casotte (Adapted from Google Maps)

An estimation of the area of the Bayou Casotte harbor, including both federally
regulated regions and locally managed regions, was made and concluded that the harbor
is around 7,155,000 ft 2 . This estimation combined with the mean tidal range, which was
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stated earlier as 1.4 ft, will allow for the calculation of the tidal prism. The tidal prism for
small harbors is calculated by multiplying the area by the mean tidal range, which gives
us a value of 10,017,000 ft 3. The tidal prism can be used to calculate the amount of
sediment that is entering the port by doing some simple unit conversions and multiplying
by the suspended sediment concentration at a point then dividing by the specific gravity,
which is calculated by Equation 5.1.

G=

γs
γ

(5.1)

Where:
G = specific gravity of solids

γ s = specific weight of the in-situ sediment deposits

γ = specific weight of water at 70° F
In this situation a range of specific gravities, from 1.1 to 1.6, will be used in order to
account for a variety of sediment beds and the specific weight of water at 70° F is 62.30
lb/ft 3. By doing the calculations a specific gravity of 1.1 yields a specific weight of 68.53
lb/ft 3 for the sediment, and a specific gravity of 1.6 yields a specific weight of 99.68 lb/ft 3
for the sediment. These numbers are then used to calculate the amount of sediment that is
entering the harbor, using the average concentration of all the stations, by doing the
following conversions and calculations:
Weight of Sediment = (Volume of Water)(Concentration of Sediment)

(5.2)

⎞
1lb
⎛ 59.16mg ⎞⎛ 28.31685l ⎞⎛ 1g ⎞⎛
⎟⎟⎜⎜
⎟⎟⎜⎜
⎟⎟ = 36,993.62lb
10017000 ft 3 ⎜
⎟⎜⎜
3
1l
⎝
⎠⎝ 1 ft
⎠⎝ 1000mg ⎠⎝ 453.59237 g ⎠
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⎛ 1 ft 3 ⎞⎛ 1yd 3 ⎞
⎟ = 13.75 yd 3
⎟⎟⎜⎜
For specific gravity of 1.6: 36,993.62lb⎜⎜
3 ⎟
⎝ 99.68lb ⎠⎝ 27 ft ⎠
⎛ 1 ft 3 ⎞⎛ 1yd 3 ⎞
⎟⎟⎜⎜
⎟ = 19.99 yd 3
For a specific gravity of 1.1: 36,993.62lb⎜⎜
3 ⎟
⎝ 68.53lb ⎠⎝ 27 ft ⎠

These calculations give the amount of sediment that is entering the harbor in a
single day, so to calculate the amount that is entering in a given year multiply by 365
days, which yields 5,019 yd 3 /yr, for a specific gravity of 1.6, and 7,296 yd 3 /yr, for a
specific gravity of 1.1. These calculations give a relatively low estimate for the range of
sediment entering the harbor since some of the stations are sheltered from the currents
entering from the Mississippi Sound. In order to account for the concentration that was
observed during the sampling the average from station 8 will be applied to the same
calculations. When the concentration of 179.40 mg/l is substituted into the calculations it
shows that the range is between 15,215 yd 3 and 22,130 yd 3 enter the port per year.
These two ranges give an indication of how much sediment would enter the harbor if
there was a low concentration year around and if the concentration observed during the
sampling period was constant year around. This might still be a low range, since the
concentrations found during the sampling period might not represent a high
concentration, so further calculations will need to be conducted to calculate a high range.
In order to estimate a range that might be more accurate for the entire harbor it is
necessary to examine the dredging amounts from the local channels to allow for an
approximation of the amount of sediment entering the harbor in both the local and federal
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channels each year. Earlier it was discussed that about 57,000 yd 3 of sediment was
removed from the local channel the last time Bayou Casotte harbor was dredged. The
local channel only accounts for about 10% of the total area in the harbor. If it is assumed
that the federal channels are dredging at the same frequency as the local channels then
this would mean that around 380,000 yd 3 is removed each dredging period. If the harbor
is dredged every four years, and it is assumed that roughly the same amount of material is
removed as in the last dredging, then this would mean that about 95,000 yd 3 of material
is entering the port every year. If the harbor is dredged every six years then about 63,300
yd 3 of material is entering the port every year. These two estimates seem to be much
higher then the estimates earlier but it would only take average concentrations of around
750 mg/l to account for 95,000 yd 3 entering the harbor each year. This concentration is
not entirely implausible since rough seas or other episodic weather events could agitate
the bed creating very high concentrations. From the low range and the high range it can
be concluded that between 15,215 yd 3 and 95,000 yd 3 of material is entering the harbor
each year. The true amount is probably somewhere in between these two estimates.
The sediment samples that were taken from the port allowed for an analysis of the
concentration of sediment in the water column. From the bed samples, the d 50 was
estimated by using the particle size curve for each station. In the Bayou Casotte Harbor
the most useful station is station 8, since this is were the majority of the sediment is
entering the harbor and its d 50 is .0055 mm. This value is then applied to the Rouse
Equation to calculate a Rouse Profile which will give insight to where the majority of the
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sediment is found in the water column. The Rouse Equation is defined in River
Mechanics (Julien 2002) as the following:
ω

⎡⎛ h − z ⎞⎛ a ⎞⎤ κu*
C = C a ⎢⎜
⎟⎥
⎟⎜
⎣⎝ z ⎠⎝ h − a ⎠⎦

(5.3)

Where:
C

= sediment concentration at an elevation z

C a = sediment concentration at an elevation a
h

= flow depth

κ = von Karman constant ( κ ≈ 0.4 )
w = settling velocity
u * = shear velocity
To calculate the shear velocity it is necessary to have a current velocity for the
calculations. The main current velocities for the area are the velocity from the Pascagoula
River current, which is 0.46 m/sec, and the ebb velocity, which is 0.27 m/sec. In order to
calculate the shear velocity these current velocities are applied to the following equation
(Julien 2002):
u* =

0.005(CurrentVelocity ) 2

(5.4)

From these equations a Rouse Profile was produced for each station. Since there
is no discharge from the north side of the Bayou Casotte Harbor, the calculations are
done assuming the ebb current is the dominating current affecting the stations. Station 8’s
Rouse Profile is depicted in Figure 5-14, and shows that the majority of the concentration
of the sediment is spread out through the entire water column. This does not agree with
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the samples that were taken in the harbor since there was much more suspended sediment
at the bottom of the channel. This discrepancy might be because of timing of the
sampling which could have been conducted during an abnormal event. The majority of
the profiles for the port look very similar, so according to the profiles the sediment
concentrations are about the same.
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Figure 5-14 Station 8 Rouse Profile at Ebb Current
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Figure 5-15 Station 8 Rouse Profile at Flood Current

When conducting the analysis of the Pascagoula River Harbor several factors
need to be kept in mind. Since there are two possible contributing sources to the sediment
deposition – Mississippi Sound the Pascagoula River -- then the amount that each source
contributes needs to be estimated. Calculations will need to be conducted assuming that
both sources, are the contributors to the problem.
It will be useful to estimate the amount of sediment that is depositing each year
using the values from a previous dredging event. As stated earlier, about 97,000 yd 3 of
sediment was removed from the local channel in the harbor in 2000, and it is estimated
that the harbor needs to be dredged every 18 months. Assuming that about the same
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amount of material is removed each time the harbor is dredged then it is calculated that
about 65,000 yd 3 of sediment enter the harbor and deposit each year in the portion of the
channel that is managed by the port authority. This estimate does not include the amount
of material that deposits in the federal channel. In order to account for the amount of
sediment that is depositing into the federal channel it will be necessary to estimate the
amount that is settling in the entire harbor. The local channel only accounts for about
15% of the total area of the harbor. If it is assumed that the amount settling in the local
channel is representative of the entire harbor, then around 430,000 yd 3 of material is
depositing in the harbor each year.
Now that there is an estimate for the amount of sediment that is deposited in the
harbor each year, calculations can be conducted to find the main source. As done for
Bayou Casotte, an examination of the TSS from the Pascagoula River Harbor was
conducted. The TSS from each depth is depicted in Figure 5-16, and the average TSS at
each station is depicted in Figure 5-17.
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1’ = 10.00 mg/l
15’ = 12.10 mg/l
Bottom = 47.40 mg/l

7

1’ = 18.30 mg/l
6’ = 11.20 mg/l
Bottom = 46.80 mg/l

6

1’ = 14.60 mg/l
15’ = 12.80 mg/l
Bottom = 27.10 mg/l

5
1’ = 10.80 mg/l
15’ = 10.70 mg/l
Bottom = 27.70 mg/l

1’ = 6.30 mg/l
15’ = 14.90 mg/l
Bottom = 13.80 mg/l

4
1’ = 17.90 mg/l
15’ = 15.40 mg/l
Bottom = 19.20 mg/l

3
1

1’ = 6.40 mg/l
15’ = 11.00 mg/l
Bottom = 86.40 mg/l

2

Figure 5-16 TSS of water Samples (Adapted from Google Maps)
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23.17 mg/l

7
25.43 mg/l
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18.17 mg/l

5
16.4 mg/l

4

11.67 mg/l

3
34.60 mg/l
17.50 mg/l

1
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Figure 5-17 Average TSS of water samples (Adapted from Google Maps)
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The amount of sediment that is entering from the Mississippi Sound will be
calculated first. The area of the harbor is estimated to be around 7,837,000 ft 3 . Using the
mean tidal range of 1.4 ft, it is calculated that the tidal prism is 10,971,800 ft 3 .The
average sediment concentration of the stations from the entire port is used in the same
calculations and conversions as was conducted for Bayou Casotte. These calculations
yielded the following:
⎞
1lb
⎛ 20.99mg ⎞⎛ 28.31685l ⎞⎛ 1g ⎞⎛
⎟⎟⎜⎜
⎟⎟⎜⎜
⎟⎟ = 14377.04lb
10971800 ft 3 ⎜
⎟⎜⎜
3
1l
⎠⎝ 1 ft
⎝
⎠⎝ 1000mg ⎠⎝ 453.59237 g ⎠
⎛ 1 ft 3 ⎞⎛ 1 yd 3 ⎞
⎟⎟⎜⎜
⎟ = 5.34 yd 3
For specific gravity of 1.6: 14377.04lb⎜⎜
3 ⎟
⎝ 99.68lb ⎠⎝ 27 ft ⎠
⎛ 1 ft 3 ⎞⎛ 1 yd 3 ⎞
⎟⎟⎜⎜
⎟ = 7.77 yd 3
For specific gravity of 1.1: 14377.04lb⎜⎜
3 ⎟
⎝ 68.53lb ⎠⎝ 27 ft ⎠

From these calculations it is determined that the annual deposition range is
between 1,950 yd 3 /yr and 2,836 yd 3 /yr. This seems to be a very low range but it is not
that surprising. Since this harbor is very similar in size to the Bayou Casotte Harbor and
has the same mean tidal range but is being influenced by the discharge from the
Pascagoula River, these values seem to be reasonable.
In order to calculate the sediment load that is contributed from the river for the
harbor equation 5.3 will be used, from the USACE Engineering Manual 4000 (USACE
1989). As seen below.
Qs = 0.0027 × Q × C × k
Where:
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(5.3)

Qs

= sediment discharge, tons/day

0.0027 = converts cfs to tons/day/1000000parts
Q

= mean daily water discharge, cfs

C

= sediment concentration

k

= ppm to mg/l, for concentrations less then 16000 ppm, k = 1

By using the average concentration for the port and the average discharge of the
river, which is 3,000 cfs, a value of 170.02 tons/day is calculated. In order to convert this
value into cubic yards it is necessary to incorporate the specific gravity. By using both a
specific gravity of 1.1 and a specific gravity of 1.6 a range of 126 yd 3 /day to 184
yd 3 /day is calculated. This means that if the discharge of the river was constant
throughout the year there would be between 46,000 yd 3 /yr and 67,100 yd 3 /yr of
sediment entering the port. It must be pointed out that this is probably a very low estimate
since the average concentration is relatively low. In order to account for a higher range it
will be necessary to examine the estimated yearly sediment deposition throughout the
harbor, which is 430,000 yd 3 . In order to account for this much sediment each year the
average concentration would only need to be around 135 mg/l, which is a very reasonable
concentration. So it is determined that between 46,000 yd 3 /yr and 430,000 yd 3 /yr is
entering the harbor through the Pascagoula River. This does not mean that this is the
amount of sediment that is being deposited since a portion of the sediment will stay
suspended and pass through the harbor but this does suggest the river as the main
contributor to the sedimentation problem.
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There is one other factor that cannot be forgotten which is the layer of fluid mud
that was observed during the field investigation. This layer of fluid mud seems to be
following the current from the river and was flowing into the port. Fluid mud has very
high concentrations of suspended sediment that when slowed down will deposit in an
area. “Fluid mud typically exhibits concentrations of tens to hundreds of grams per liter”
(McAnally et al. 2007a). Even if the fluid mud that is entering the harbor has a relatively
low concentration it could be introducing 10,000 mg to 100,000 mg of sediment per liter.
If it is assumed that the flow at the bottom of the waterway is a fraction of the average
flow around 500 cfs, since the flow will be much faster higher in the water column, and
the low concentration of 10,000 mg/l is applied to equation 5.4 the fluid mud would still
be responsible for the transport of about 10,000 yd 3 /day. This would mean that the fluid
mud is responsible for bringing large amounts of sediment into the harbor but this
phenomenon might not be an everyday occurrence since when the conditions are not right
the “fluid mud quickly reconsolidates into a fairly firm bed” (McAnally et al. 2007a).
This combined with the calculations earlier points to the Pascagoula River as the main
source of the sediment that is depositing in the harbor.
As before, a Rouse Profile gives a good indication of how the suspended sediment
is acting throughout the harbor. In this case, there are two dominant currents acting on the
harbor. The stations at the north end of the harbor were calculated using the current
from the river, whereas the stations at the south end used the ebb current. As expected,
the concentration levels for station 2 look very similar to that of the Bayou Casotte
Harbor, as seen in Figure 5-18. Station 2’s profile shows that the concentration of
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suspended sediment is distributed throughout the entire water column, which supports the
data that was collected onsite. Now for station 7, which is located at the discharge from
the river, the profile is very different, depicted in Figure 5-19. It seems that the
concentration is not as distributed as station 2 and the suspended sediment is settling out
much quicker, which is representative of the samples that were taken in the harbor. So the
amount of sediment that separates itself from the water column will be much higher at
this station when compared to station 2.
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Figure 5-18 Station 2 Rouse Profile for Ebb Current
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Figure 5-19 Station 7 Rouse Profile

According to calculations using the amounts from previous dredging operations,
the Bayou Casotte Harbor only accounts for between 13% and 18% of the materials that
need to be dredged for the Port of Pascagoula. The Mississippi Sound accounts for nearly
100% of the sediment that is entering the Bayou Casotte Harbor and therefore solutions
that slow or stop this deposition need to be evaluated. The Pascagoula River Harbor
accounts for between 82% and 87% of materials that are dredged from the port. Since
there are two possible sources of the sediment, both sources were considered when
searching for the main source. From the calculations conducted, it was determined that
between 1,950 yd 3 /yr and 2,836 yd 3 /yr of sediment is entering the port from the
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Mississippi Sound, and between 46,000 yd 3 /yr and 430,000 yd 3 /yr entering from the
Pascagoula River. Given that the fluid mud would contribute a large amount of sediment
in short periods of time, the fluid mud needs to be regarded as the main problem
associated with the Pascagoula River. Since the Pascagoula River is contributing virtually
all of the sediment into the port, solutions need to be developed to address this as the
primary sediment source.
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CHAPTER 6
RECOMMENDATIONS

Now that the problem areas and the sources that are contributing to the
sedimentation deposition in the port have been identified, solutions can be examined to
see what best fits the port’s needs. Since each harbor in the Port of Pascagoula has
different sedimentation circumstances, they will be examined separately in order to
provide more applicable solutions. Even though the main focus of this work is to provide
solutions for the locally managed channels, the solutions that are proposed will in most
cases, benefit not only the local channels but also the federally regulated channels as
well. It has been stated that the bulk of the dredging operations that take place in the Port
of Pascagoula are done by the Army Corps of Engineers. If a proposed solution benefits
both the Jackson County Port Authority and the Army Corps of Engineers, then it will be
the responsibility of the Army Corps of Engineers to fund the operation totally or in part.
On the other hand, any solution adopted by the port must have the Army Corps of
Engineers’ consent, since the solution will probably affect the federally maintained
channel as well.
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6.1 Bayou Casotte Harbor Recommendations
Data indicates that the main source depositing sediment into the Bayou Casotte
Harbor is tidal flow from the Mississippi Sound. The currents in the sampled area seem to
predominantly transport sediment into the harbor from the southeast direction, as shown
in Figure 4-7. Much of the sediment that is in the Mississippi Sound, which surrounds
the harbor, originates from the Mobile Bay and is transported to the region by the
predominant western current, as shown in Figures 6-1 and 6-2. One can see that large
amounts of sediment are transported westward from the Mobile Bay by the prevailing
currents where some of the sediment undoubtedly is then transported into the Bayou
Casotte Harbor. This needs to be the main focus of the solution designed to keep
sediment out.
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Bayou Casotte Harbor Entrance

Figure 6-1 Satellite Photo of Mississippi Sound 12/18/04
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Bayou Casotte Harbor Entrance

Figure 6-2 Satellite Photo of Mississippi Sound 01/06/03

One potential solution for this situation would be to construct a dike that would be
designed to reduce the sediment entering into the port. If a dike, depicted in red in Figure
6-3, was to be constructed on the east side of the harbor and extended outward toward the
Gulf on the east side of the shipping channel, depicted by the yellow doted lines, it could
reduce the amount of sediment that is being transported into the harbor by the westward
moving currents. The dike would redirect the currents around the entrance of the harbor
which in turn would redirect much of the sediment away from the harbor’s entrance. This
redirection of the current could also allow for the cleaner water from the west side of the
Mississippi Sound to enter the harbor during the tidal cycle. Further studies would need
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to be conducted in order to determine what changes the new current patterns would have
on the shallow areas around the harbor.

Figure 6-3 Dike Solution for Bayou Casotte (Adapted from Google Maps)
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A dike would cut down on the amount of sediment entering the port but, the cost
of construction would need to be taken into consideration. The amount of materials for a
dike would be very costly considering the dike would need to protrude thousands of feet
into the sound. In 1970, a similar project was authorized for the Oregon Inlet in North
Carolina where a 20 ft by 400 ft shipping channel and two large jetties intended to divert
sediment from the channel, were to be constructed. The project would have had an initial
cost of $108 million with an additional need of $6.1 million for annual dredging. Several
more studies were conducted and it was determined that because of the excessive cost
and several other factors that the project was to be canceled (Executive Office of the
President of the United States et al. 2003). The cost of constructing a dike large enough
to protect the Bayou Casotte Harbor could be so great that this option does not appear to
be a viable option and therefore should not be considered as a feasible solution.
Another possible solution to be considered is that of agitation, which has proven
effective in the Lower Mississippi River. This could be done utilizing several methods. A
vessel that creates a large enough prop wash could be used to suspend the sediment that
has deposited itself on the bottom of the port. Another option would be dragging a rake
behind a ship to cause the agitation of the deposited sediment. Once the sediment is resuspended, the ebb phase tidal flows would be the only mechanism for moving the
sediment out of the port since there is no significant discharge from the north end of the
port to push the material out into the sound.
There are a few factors that are associated with this solution that need to be
addressed. Even though there is very little advance preparation necessary in order for
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agitation to take place, there are several expenses that must be taken into consideration.
With the rising cost of fuel, it is becoming increasingly more expensive to operate vessels
that consume large quantities of fuel. According to the Energy Information
Administration, the price of diesel fuel is hovering over $4.00 a gallon (EIA 2008). Table
6-1 illustrates an estimate of how much it would cost to run a variety of tugboats at the
current price.

Table 6-1 Estimates of Fuel Prices for Tugboats
Horsepower of

Hourly Cost for

4 Hour Cost for

Annual Cost of

Annual Cost of

Tugboats

Gas

Gas

Operation for 4

Operation for 4

Hours Monthly

Hours Weekly

3500

$770

$3,080

$36,960

$160,160

2000

$440

$1,760

$21,120

$91,520

1350

$297

$1,188

$14,256

$61,776

It will be necessary to determine what size tugboat is adequate for the agitation of
the sediment and how often the agitation needs to occur. The costs that are associated
with this solution will be directly related to the frequency of the agitation. Maintenance
costs and personnel costs will also need to be factored in before a final decision can be
made. Also agitation practices will need to be approved by the Army Corps of Engineers
since some of the agitated materials will deposit in federally maintained channels.
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Once the sediment is re-suspended using agitation, it is necessary to determine
how far the sediment might be able to travel relying on tidal currents. Figure 6-4 depicts
the distance a particle might travel during a daily tidal cycle. This chart was calculated
using the settling velocities of 2.66 mm/s (.0087 ft/s), which was determined from the
particle sizes of the on-site sediment samples, and by using an average ebb current of 270
mm/s (.89 ft/s), which was assumed to be constant over a 12 hour time period (USACE
2003). From this chart, it is evident that if a particle was suspended to the very top of the
water column it could be transported approximately 4,300 ft. out into Mississippi Sound
before it was deposited back to the bottom of the channel, which is 42 ft. deep. It should
be noted that the majority of the particles are not going to be suspended to the top of the
water column. Areas outside the port, that are not in the shipping channel, are much
shallower then 42 ft., thus the majority of the suspended sediment will travel a much
shorter distance before being depositing on the bed. Once the tidal current changes and
starts to flow back into the port, some of the suspended sediment will be transported back
into the port where it could deposit itself again. Even if the sediment is not transported
completely out of the harbor, the agitation would allow for sediment from areas that are
experiencing shoaling to be suspended and distributed to areas that are not having
shoaling problems. Agitation of the harbor will need to be examined to see what its
effects are on the federal channel. This practice might not completely rid the harbor of
excess sediment, but could postpone the need for dredging resulting in a cost savings.
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Settling Distance for Particles in Bayou Casotte
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Figure 6-4 Settling Distance for Particles in Bayou Casotte

Since agitation may not fully rid the harbor of excess sediment, it will be
necessary to dredge when shoaling becomes a problem. According to officials at the Port
of Pascagoula, the local channel of the Bayou Casotte Harbor only has to be dredged
every four to six years. With the help of agitation, this timeframe could be extended by
several more years. If the agitation were to add a year or two to the frequency of the
dredging operations then it would save the port authority a great deal of money. The last
record of dredging showed that only about 57,000 cubic yards had to be removed. This
indicates that the harbor has somewhere between about 9,500 and 14,250 cubic yards of
sediment deposit entering the local channel every year, which is a relatively small amount
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of material. With agitation, the amount of sediment that deposits in the harbor could be
reduced each year. In 2005 it cost the port $4.90 per cubic yard to remove the material
that had deposited itself in the port. In 2005 the total cost for the operation was just under
$500,000. Agitation might not reduce the total amount of sediment that needs to be
removed during a dredging period, but it could prolong the need for dredging which
would benefit the harbor financially. For every year that the harbor does not have to
dredge, assuming that the dredging costs stay relatively close to the previous cost, then it
could reduce the annual dredging costs, as depicted in Table 6-2. Agitation incorporated
into dredging operations is an economical solution which would allow the harbor to
reduce dredging cost while maintaining the harbor’s efficiency.

Table 6-2 Estimated Cost of Prolonged Dredging
Years before Dredging

Estimated Annual Cost
(neglecting inflation)

4

$125,000

5

$100,000

6

$83,300

7

$71,400

8

$62,500

9

$55,500
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6.2 Pascagoula River Harbor Recommendations
The main source that contributes to the depositing of sediment in the Pascagoula
River Harbor is the Pascagoula River. A layer of fluid mud is being transported from the
Pascagoula River into the harbor causing sedimentation problems. If the fluid mud is
contained, it will dramatically reduce the amount of sediment that needs to be removed
from the harbor during each dredging operation.
One possible solution would be to keep the majority of the sediment out of the
harbor which would prevent the fluid mud from forming. This could be done by
damming tributaries and redirecting the majority of the flow from the portion of the
Pascagoula River that feeds the harbor to the West Pascagoula River. This type of
solution would require constructing multiple dams and other structures as well as cutting
canals that would redirect flow into the West Pascagoula River. This would be a costly
endeavor since some of these dams would require locks to accommodate ships that might
be using the waterway. The size of these structures would need to be estimated in order to
determine what costs this project would have. These costs would need to then be factored
in to the final decision. Also environmental issues would need to be considered.
Depriving this section of the majority of its normal sediment supply might have a serious
environmental problem. This would need to be examined and further studies would need
to be conducted. Dams would also have a big impact on the amount of fish that would be
traveling down this section of the Pascagoula River, which could cause many unwanted
side effects. Overall many studies would need to be conducted in order to determine if
this is a valid solution. There are probably other solutions that would be more
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environmentally friendly and would allow the waterway to function in a more natural
way.
One way that the fluid mud problem could be addressed is by continuing the
current policy of dredging when the harbor is showing signs of significant shoaling. Even
though the practice of maintenance dredging is incorporated into the solution for the
Bayou Casotte Harbor, it is probably not the best solution for the Pascagoula River
Harbor. Since the Pascagoula River Harbor is currently dredged every 18 months,
compared to Bayou Casotte every 48 to 72 months, there needs to be a solution proposed
that reduces the harbor’s dredging costs. In 2000 the Jackson County Port Authority spent
around $330,000 to remove 97,000 cubic yards of material. If the cost of dredging is
considered constant, the Pascagoula River Harbor costs the Port Authority twice as much
in dredging costs as the Bayou Casotte Harbor does every five years. With the increase in
fuel prices the costs associated with dredging and disposal of sediment materials has gone
up since 2000 and undoubtedly will cost the Port Authority much more in the near future.
Once all the costs of dredging have been examined, it will be prudent to consider
alternative solutions that might decrease the costs associated with dredging.
One technique that could reduce the dredging cost for the Port Authority involves
trapping sediment into one location where it then can be easily removed. This solution
would allow dredging equipment to be used only in one central area which will reduce
the costs associated with dredging. The central location will cut down on fuel costs since
there will be no need to move around the entire port. It will also allow the dredging to
take place in an area that will not disrupt the traffic of the port which will cut down of the
93

amount of downtime that the port would experience during normal dredging operations.
If the trap is located in an area that is close to a Dredge Material Management Site then
the cost of fuel that is associated with the transport and disposal of the material could also
be reduced. A sediment trap was implemented in the Savannah Georgia Harbor and was
responsible for reducing the unit cost of dredging per cubic yard by half (McAnally et al.
2007b). There are several topics that are associated with this technique that need to be
discussed. These topics include how to trap the sediment, where to trap the sediment,
how to remove and dispose of the sediment.
Since fluid mud is believed to be the main factor contributing to the transportation
of sediment into the harbor, the characteristics that fluid mud demonstrates need to be
taken into consideration. Fluid mud will follow the downward slope of a waterway in the
direction of the gravitational pull. This fact can be used to get fluid mud moving in the
harbor’s desired direction. The exact slope that would be necessary to accommodate the
unique characteristics of the harbor would need to be determined experimentally.
However, according to a report conducted for the Army Corps of Engineers, a 0.0003 ft/ft
slope would be sufficient in many situations (Teeter et al. 2003). If a waterway was
designed to have a bottom with this slope, then the fluid mud will travel in the direction
that is desired. This design will have an initial cost for dredging the slope, but this initial
cost will be offset by the savings that would be generated by the solution.
Once the fluid mud is moving in the desired direction, then it is necessary to trap
the fluid mud in an area so that it does not deposit in the harbor. This can be done by
constructing a fluid mud trap. This trap would be an area that has been dredged and is
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much deeper than the rest of the channel. The fluid mud would be forced into the trap
since the slope is directing the fluid mud in that direction. The fluid mud would then
deposit itself onto the bottom of the trap where it will consolidate until it is removed by
dredging.
Since the area in the Pascagoula River Harbor has unique characteristics, there
would need to be extensive studies and a very thorough design process before an actual
plan is to be implemented, but the overall idea should still be the same. The sloped
bottom and the fluid mud trap, as seen in Figure 6-5, will allow the Port Authority to
better manage the sedimentation problem. The fluid mud trap would need to be large
enough to accommodate the amount of fluid mud that will be entering the port for a given
period of time. The size of the fluid mud trap will also depend upon what type of method
is used to extract the materials, which will be discussed later. If the trap was to be
dredged frequently, then the trap could be relatively small, but if it was to be designed to
accommodate the fluid mud that would accumulate within an entire year, then it would
need to be fairly large.
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Existing Bed

Flow

Fluid Mud Trap

Figure 6-5 Sloped Bottom and Fluid Mud Trap

There are two locations that this solution could be implemented, both of which are
located in a federal regulated channel. Since both locations are in federal channels,
cooperation of the Army Corps of Engineers will be needed in order to implement this
solution. It should be pointed out that the Army Corps of Engineers will benefit much
more from this solution and therefore should be a federal project.
The first location is just north of the Pascagoula River Harbor in the river channel,
as seen in Figure 6-6. The sloped section is depicted in green and the fluid mud trap is
depicted in orange. This location will allow for the fluid mud to be captured in the fluid
mud trap before it even gets to the harbor. This solution will not help that much with the
sediment that is suspended higher in the water column, but will dramatically cut down on
the amount of sediment that is entering the harbor as fluid mud.
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Figure 6-6 Proposed Trap area north of the harbor (Adapted from Google Maps)

This site north of the harbor allows the trap to be located out of the main ship
channel, leaving the harbor virtually undisturbed during dredging operations. This will
allow the harbor to have ships enter on a regular schedule without having to wait for a
dredge to finish its operation, thus increasing Port revenues. This area already has a
constant slope, depicted with a fluid mud trap in Figure 6-7, which might actually be
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sufficient to keep the fluid mud moving. However, this slope would have to be examined
and studied before a final decision about this site is made.

Flow
Existing Bed

Fluid Mud Trap

Figure 6-7 Existing Sloped Bottom with Fluid Mud Trap

An alternative to locating this solution north of the harbor would be to locate it in
the federal channel within the harbor. This of course would mean that the trap would be
either in the shipping channel or directly connected to it, but it would still allow for the
sediment to be trapped in a single area. Additional studies would need to be conducted to
determine the most effective area for the trap to be placed.
Once the location of the trap is decided, it will be necessary to determine what
method to extract the sediment and where to dispose of it. Both proposed locations are
relatively close to a Dredge Material Management Site managed by the Jackson County
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Port Authority. According to Port Engineer, Michael Smith, this Dredge Material
Management Site is located on the west bank of Pascagoula River Harbor. If the port
authority decides to use this facility, it allows for several options to be considered. One of
the methods that could be considered is installing a pump which could be turned on
periodically to remove the settling fluid mud and deposit it straight into the Dredge
Material Management Site. The Port of Leer in Germany has used a similar method of
pumping and it has proven to be successful (PIANC 2008). This method would need to
be further researched to determine if a pump would be able to extract the materials
effectively. If this method proved to be useful, then the trap could be designed to hold
fluid mud that would accumulate in short periods of time. For example, if it was
determined that a trap needed to accommodate around 5,000 cubic yards of sediment for
a given time period, then this trap would need to be about 50 yards wide, 10 yards long,
and 10 yards deep. These dimensions are only used as an example and would need to be
changed in order to accommodate the particular area that the trap would be serving.
The Fluid Mud Trap could also be dredged by using a more conventional grab
dredge or clamshell dredge which is already being used in the harbor. This method of
extraction would require the trap to be relatively large in order to accommodate fluid mud
for a longer period of time. If it is decided that the trap would be dredged every year, then
the trap would need to be large enough to hold the amount of material that normally
settles in both the local and federal channels. It would also be wise to make the trap larger
than the expected amount of fluid mud that deposits in the harbor in order to contain the
amount of fluid mud that would have normally passed through the harbor without
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depositing. The cost for this dredging method will go down since the material will be
located in a central area and there is a Dredge Material Management Site nearby. Since
this method of dredging is currently being utilized in the harbor, it would be a wise
choice as the primary removal method.
There are few issues that would need to be addressed before a plan like this one
was adopted as a solution for the harbor. Studies would need to be conducted in order to
examine the salt water wedge that would be present in the harbor and determine if this
wedge would be a problem in the sediment settling process. Other studies would need to
be conducted to determine what environmental effects that this solution would have.
Issues such as eutriphication and hypoxia would need to be addressed to see if they
would occur in this type of solution. The health of the system would need to be a main
concern during the planning and development of a solution. If it is determined that these
issues do not weaken the integrity of the system then this solution would be feasible.
This solution might increase the amount of material that needs to be dredged since
it will be trapping materials that would have normally passed through the port, but it will
cut down on the costs that are associated with dredging. Just like in the Savannah,
Georgia Harbor, the price could go down as much as 50% which would reduce the price
from $2.96 to $1.48 per cubic yard. This could potentially save the port authority
$165,000 for dredging operations in a single year. It will allow for the majority of the
sediment deposition to be located in one area which would not only cut down on the
dredging costs, but will allow the port to operate with minimal interruption from dredging
which in turn would save the Port Authority time and money. Both locations, and both
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methods of dredging, will need to be examined and further studies will need to be
conducted in order to decide which variation is ideal for this harbor’s situation.
Another option to be considered by both the Army Corps and the Port Authority is the
adoption of the Active Nautical Depth concept. This concept allows the waterway to keep
its efficiency by stirring the fluid mud to maintain a navigable viscosity and does not
involve dredging and removal (Wurpts 2005). The stirring of the fluid mud can be
accomplished by several different methods.
The Port of Emden in Germany has used a self propelled hopper dredge that
incorporates a low power underwater pump in order to keep the fluid mud navigable.
This dredge fluidizes, raises, oxidizes and then returns the fluid mud to the water such
that it is navigable (Wurpts 2005). Similarly the Fishery Harbor in Bremerhaven uses the
Active Nautical Depth concept to keep the facility running efficiently. This harbor uses
water injection, which is directed at the fluid mud surface in order to fluidize the mud and
keep it at a navigable viscosity (PIANC 2008).
In both cases, the Active Nautical Depth either reduced, or completely eliminated
the need for conventional dredging. This method reduced the cost of dredging for the Port
of Emden from 12.5 million Euros per year to around 2 million Euros per year, which
was a reduction of 84% (Wurpts 2005). It also has completely eliminated the need for
dredging in the Fishery Harbor. Since its implementation in the Fishery Harbor the firm
bottom has remained at a constant level (PIANC 2008).
This method has been proven to reduce the cost that is associated with dredging.
If the port authority decides to implement this solution in the local channel then it could
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reduce or could completely eliminate the cost of dredging. If this technique reduced the
costs by 84%, like in Emden, this would reduce the port’s dredging expenses from around
$325,147 to around $52,023. There is one expense that would need to be considered and
that is the cost of buying and operating a hopper or vessel to stir the fluid mud. A hopper
or vessel would need to be designed especially for the harbor and therefore the cost
would be relative to what the harbor’s situation requires. This cost would be offset by the
cost savings associated with the reduction or elimination of dredging, and would save the
port money over an extended period of time. Overall, the Active Nautical Depth concept
would reduce the port’s dredging cost and would allow the harbor to function efficiently
with little or no dredging.

6.3 Conclusion
The sedimentation problem in the Port of Pascagoula has become a costly
problem for the Jackson County Port Authority. Over the past years the ports only
method of dealing with the sedimentation problem has been to dredge the harbors when
shoaling becomes a hindrance to the shipping traffic that calls on the port. In order to
devise a plan that will optimize or reduce the ports dependency on dredging, the main
sources that are affecting the port need to be examined. There are many sources that
could contribute to the sedimentation transport into the harbors. The main sources that
seem to be affecting the port are the Mississippi Sound, which affects the Bayou Casotte
Harbor, and the Pascagoula River, which affects the Pascagoula River Harbor.

102

The Bayou Casotte Harbor has sediment constantly entering the harbor from the
Mississippi Sound. This sediment deposits itself in several different areas in the harbor,
both in the local and federal channels. Over time, this sediment causes a problem for
ships that are moving around the harbor. The characteristics of the sediment in the Bayou
Casotte Harbor have been examined in order to optimize the proposed solution. Once the
characteristics where examined, it was determined that there were several possible
solutions that needed to be explored. Two of the solutions that were examined in order to
help with the sedimentation problem were the construction of a dike, designed to keep the
sediment out, and agitation, which is designed to get the sediment moving again. After
many of the parameters associated with the construction of a dike were examined, it was
determined that this solution would be cost prohibitive and would not optimize the
efficiency of the port’s dredging. Since the harbor does not have to dredge very often,
every 4 to 6 years, the best course of action is to incorporate agitation with dredging to
prolong the need for dredging operations. This solution will allow the port authority to
reduce dredging costs by extending the time in between dredging operations.
The main source of sediment entering the Pascagoula River Harbor is the
Pascagoula River. There is a layer of fluid mud entering the harbor from the Pascagoula
River. This fluid mud layer is bringing in a large amount of sediment into the harbor
where some of the sediment is settling out causing shoaling. The characteristics of fluid
mud were examined in order to come up with a solution that best fits the problem. Since
fluid mud follows the slope of the bed, it was determined that one of the best courses of
action would be to slope the bed in the direction of a fluid mud trap. The fluid mud trap
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will capture the fluid mud in one area where it can be easily dredged. This proposed
solution will probably not cut down on the amount of dredging, but should reduce the
cost associated with dredging since the dredging operations will be localized to one area.
In addition, if the fluid mud trap could be located near a Dredge Material Management
Site this would further reduce the costs associated with dredging. If this solution was to
be implemented, it would benefit the federal channels more than the local channels. With
this in mind, the Army Corps of Engineers should be approached for the funding of this
operation. This solution allows the Port of Pascagoula to optimize its dredging operations
while minimizing the amount of disturbance to its shipping traffic.
If the mud trap solution is not implemented it would be in the port authority’s best
interest to implement the Active Nautical Depth concept. This concept would allow the
fluid mud to be managed by keeping it at a nautical viscosity. This concept would reduce,
or completely eliminate the need for dredging in the harbor. This reduction, or
elimination of dredging would reduce the costs associated with the dredging operations of
the harbor. Overall, the Active Nautical Depth concept would maximize the efficiency of
the harbor by reducing the need for dredging.
Since the two harbors in the Port of Pascagoula have very different factors
associated with their sedimentation problems, it was necessary to propose several very
different solutions. These solutions, which are designed to optimize the port’s dredging
operations, have been shown to be the most cost effective. Before these solutions are
implemented, however, it will be necessary to conduct further research. Overall, the Port
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of Pascagoula has shoaling problems which can be minimized with the implementation of
these solutions or solutions that are similar in design.
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Table A-1 Complete TSS Port of Pascagoula June 3, 2008
Filter Sample
ID
ID
1

LB-1
B-35

2
B-23
3
A-23
4
A-40
5
D-3
6
B-34
7
B-21
8
C-4
9
Dupl-1
10
B-31
11
B-4
12
B-2
13
A-24
14
A-14
15
A-13
16
C-14
17
B-9
18
A-32
19
20

LB-2
C-8

21
A-29
22
C-24
23

Sample Description

Filter +
Volume Filter
Resid. TSS
Filtered Weight
Weight (mg/L)
(mL)
(g)
(g)

Laboratory Blank # 1
Station 1 depth of 1’ (water
sample)
Station 1 depth of 15’ (water
sample)
Station 1 bottom sample
(water sample)
Station 2 depth of 1’ (water
sample)
Station 2 depth of 15’ (water
sample)
Station 2 bottom sample
(water sample)
Station 3 depth of 1’ (water
sample)
Station 3 depth of 15’ (water
sample)
Laboratory Duplicate #
1(sample C-4)
Station 3 bottom sample
(water sample)
Station 4 depth of 1’ (water
sample)
Station 4 depth of 15’ (water
sample)
Station 4 bottom sample
(water sample)
Station 5 depth of 1’ (water
sample)
Station 5 depth of 15’ (water
sample)
Station 5 bottom sample
(water sample)
Station 6 depth of 1’ (water
sample)
Station 6 depth of 15’ (water
sample)

500

0.1331

0.1329

-0.30

500

0.1349

0.1381

6.40

500

0.1334

0.1389

11.00

500

0.1327

0.1759

86.40

500

0.1336

0.1426

17.90

500

0.1334

0.1411

15.40

500

0.1329

0.1425

19.20

500

0.1329

0.1360

6.30

500

0.1324

0.1398

14.90

500

0.1324

0.1406

16.40

500

0.1336

0.1405

13.80

500

0.1319

0.1373

10.80

500

0.1330

0.1383

10.70

500

0.1336

0.1474

27.70

500

0.1350

0.1423

14.60

500

0.1339

0.1403

12.80

500

0.1345

0.1481

27.10

500

0.1325

0.1416

18.30

500

0.1333

0.1389

11.20

Laboratory Blank # 2
Station 6 bottom sample
(water sample)
Station 7 depth of 1’ (water
sample)
Station 7 depth of 15’ (water
sample)

500

0.1341

0.1337

-0.80

500

0.1330

0.1564

46.80

500

0.1322

0.1372

10.00

500

0.1327

0.1388

12.10

110

Table A-1 (continued)
B-30
24
B-24
25
Dupl-2
26
B-8
27
C-19
28
D-1
29
A-6
30
B-10
31
B-33
32
A-33
33
D-2
34
A-37
35
Dupl - 3
36
C-7
38
40

LB-3
A-10

41
A-28
43
C-10
45
Dupl-4
46
B-38
48
A-34
50
B-36
52
A-19
54
Dupl-5
56
B-16
57

Station 7 bottom sample
(water sample)
Station 8 depth of 1’ (water
sample)
Laboratory Duplicate # 2
(sample B-24)
Station 8 depth of 15’ (water
sample)
Station 8 bottom sample
(water sample)
Station 9 depth of 1’ (water
sample)
Station 9 depth of 15’ (water
sample)
Station 9 bottom sample
(water sample)
Station 10 depth of 1’ (water
sample)
Station 10 depth of 15’ (water
sample)
Station 10 bottom sample
(water sample)
Station 11 depth of 1’ (water
sample)
Laboratory Duplicate # 3
(sample A-37)
Station 11 depth of 15’ (water
sample)
Laboratory Blank # 3
Station 11 bottom sample
(water sample)
Station 12 depth of 1’ (water
sample)
Station 12 depth of 15’ (water
sample)
Laboratory Duplicate # 4
(sample C-10)
Station 12 bottom sample
(water sample)
Station 13 depth of 1’ (water
sample)
Station 13 depth of 15’ (water
sample)
Station 13 bottom sample
(water sample)
Laboratory Duplicate # 5
(sample A-19)
Station 14 depth of 1’ (water
sample)

111

500

0.1350

0.1587

47.40

500

0.1329

0.1403

14.70

500

0.1334

0.1409

15.00

500

0.1351

0.1500

29.80

500

0.1343

0.3811

493.70

500

0.1321

0.1409

17.50

500

0.1343

0.1528

36.90

500

0.1336

0.1635

59.80

500

0.1327

0.1376

9.80

500

0.1342

0.1390

9.60

500

0.1340

0.1671

66.20

500

0.1332

0.1373

8.30

500

0.1350

0.1395

9.00

500

0.1342

0.1428

17.30

500

0.1334

0.1338

0.90

500

0.1325

0.1389

12.70

500

0.1309

0.1395

17.20

500

0.1320

0.1390

14.10

500

0.1333

0.1397

12.80

500

0.1324

0.1449

25.00

500

0.1325

0.1403

15.60

500

0.1341

0.1402

12.10

500

0.1326

0.1466

28.10

500

0.1329

0.1458

25.80

500

0.1327

0.1387

11.90

Table A-1 (continued)
B-7

65

B-18

67

C-11

Station 14 depth of 15’ (water
sample)
Station 14 bottom sample
(water sample)
Station 15 depth of 1’ (water
sample)
Station 15 depth of 15’ (water
sample)
Station 15 bottom sample
(water sample)

69

LB-4

Laboratory Blank # 4

59
B-28
61
D-4
63

500

0.1322

0.1387

12.90

500

0.1310

0.3387

415.30

500

0.1331

0.1391

12.00

500

0.1338

0.1386

9.50

500

0.1320

0.1669

69.80

500

0.1330

0.1331

0.20

Table A-2 Complete TSS Port of Pascagoula June 15 and 17, 2008

Filter
ID

Sample
ID

Sample Description

Volume
Filtered
(mL)

Filter
Weight
(g)

Filter +
Resid.
Weight
(g)

TSS
(mg/L)

Laboratory Blank # 1
Station 2 depth of 1’ (8:22)

500

0.1305

0.1303

2

LB 1
X-1

500

0.1287

0.1328

3

D-3

Station 2 bottom sample (8:22)

500

0.1297

0.1451

4

X-2

Station X depth of 1’ (8:33)

500

0.1292

0.1329

5

C-14

Station X bottom sample (8:33)

500

0.1296

0.1357

6

X-3

Station Y depth of 1’ (9:03)

500

0.1288

0.1358

7

A-34

Station Y bottom sample (9:03)

500

0.1289

0.1413

8

C-11

Station Y depth of 1’ (17:40)

500

0.1282

0.1325

9

A-28

Station Y bottom sample (17:40)

500

0.1294

0.1467

10

X-4

Station 2 depth of 1’ (17:50)

500

0.1295

0.1331

-0.4
8.1
30.9
7.4
12.1
14.0
24.8
8.7
34.7
7.3

X4-D

500

0.1284

0.1325

8.3

500

0.1290

0.1361

13

X-5

Laboratory Duplicated of sample
X4
Laboratory Duplicated of sample
X5
Station 2 depth of 1’ (8:17)

500

0.1304

0.1385

14

A-40

Station 2 bottom sample (8:17)

500

0.1293

0.1674

15

LB 2

Laboratory Blank # 2

500

0.1291

0.1291

16

B-38

Station X depth of 1’ (8:24)

500

0.1291

0.1328

17

A-29

Station X bottom sample (8:24)

500

0.1299

0.1402

14.2
16.2
76.2
-0.1
7.4
20.7

1

11
X5-D
12

112

Table A-2 (continued)
18

C-7

Station Y depth of 1’ (8:40)

500

0.1283

0.1438

19

B-30

Station Y bottom sample (8:40)

500

0.1272

0.1435

20

B-36

Station Y depth of 1’ (15:33)

500

0.1284

0.1340

21

X-6

Station Y bottom sample (15:33)

500

0.1303

0.1366

22

B-7

Station 2 depth of 1’ (15:54)

500

0.1295

0.1339

23

X-7

Station 2 bottom sample (15:54)

250

0.1279

0.2108

24

C-10

Station X depth of 1’ (16:04)

500

0.1286

0.1475

25

C-24

Station X bottom sample (16:04)

500

0.1292

0.1423

26

B1

Pascagoula hour 1

500

0.1279

0.1399

27

B2

Pascagoula hour 2

500

0.1301

0.1428

28

B3

500

0.1287

0.1379

250

0.1296

0.1402

29

B6-D

Laboratory Duplicated of sample
B6

30

Laboratory Blank # 3
Pascagoula hour 4

500

0.1311

0.1311

31

LB 3
B4

500

0.1294

0.1438

32

B5

Pascagoula hour 5

500

0.1280

0.1348

33

B6

Pascagoula hour 6

250

0.1304

0.1401

34

B7

Pascagoula hour 7

500

0.1306

0.1422

35

B8

Pascagoula hour 8

500

0.1301

0.1392

36

B9

Pascagoula hour 9

37

B10

Pascagoula hour 10

500

0.1283

0.1361

38

B11

Pascagoula hour 11

500

0.1299

0.1429

39

B12

Pascagoula hour 12

250

0.1298

0.1367

250

0.1309

0.1388

41

B12-D
B13

Laboratory Duplicated of sample
B12
Pascagoula hour 13

500

0.1297

0.1397

42

B14

Pascagoula hour 14

500

0.1293

0.1433

43

B15

Pascagoula hour 15

500

0.1293

0.1427

44

B16

Pascagoula hour 16

500

0.1293

0.1426

45

Laboratory Blank # 4
Pascagoula hour 17

500

0.1294

0.1292

46

LB 4
B17

500

0.1295

0.1417

47

B18

Pascagoula hour 18

450

0.1296

0.1413

48

B19

Pascagoula hour 19

500

0.1288

0.1416

49

B20

Pascagoula hour 20

500

0.1306

0.1393

50

B21

Pascagoula hour 21

51

B22

Pascagoula hour 22

500

0.1293

0.1384

52

B23

Pascagoula hour 23

500

0.1285

0.1384

53

A1-D

Laboratory Duplicated

250

0.1285

0.1873

40

113

31.0
32.7
11.2
12.6
8.8
331.6
37.9
26.3
23.9
25.4
18.3
42.4
-0.1
28.8
13.6
38.6
23.1
18.2
15.7
25.9
27.4
31.6
20.0
27.9
26.8
26.6
-0.4
24.5
26.0
25.6
17.3
18.2
19.8
235.0

Table A-2 (continued)
54

B24

Pascagoula hour 24

55

A1

Bayou hour 1

250

0.1281

0.1975

56

A2

Bayou hour 2

500

0.1283

0.1626

57

A3

Bayou hour 3

500

0.1288

0.1817

58

A4

Bayou hour 4

500

0.1295

0.1621

59

A5

Bayou hour 5

500

0.1291

0.1533

60

Laboratory Blank # 5
Bayou hour 6

500

0.1275

0.1273

61

LB 5
A6

500

0.1276

0.1579

62

A7

Bayou hour 7

500

0.1285

0.1629

63

A8

Bayou hour 8

500

0.1266

0.1483

64

A9

Bayou hour 9

500

0.1281

0.1568

65

A10

Bayou hour 10

500

0.1281

0.1443

66

A11

Bayou hour 11

500

0.1283

0.1513

67

A12

Bayou hour 12

500

0.1279

0.1457

68

A13

Bayou hour 13

500

0.1289

0.1468

69

A14

Bayou hour 14

500

0.1285

0.1472

70

A15

Bayou hour 15

500

0.1291

0.1556

71

A16

Bayou hour 16

500

0.1285

0.1456

72

A17

Bayou hour 17

500

0.1285

0.1426

73

A18

Bayou hour 18

500

0.1293

0.1383

74

A19

Bayou hour 19

250

0.1295

0.1361

75

LB 6

500

0.1280

0.1278

76

250

0.1278

0.1344

77

A19-D
A20

Laboratory Blank # 6
Laboratory Duplicated of sample
A19
Bayou hour 20

500

0.1294

0.1401

78

A21

Bayou hour 21

500

0.1262

0.1405

79

A22

Bayou hour 22

500

0.1283

0.1372

80

A23

Bayou hour 23

500

0.1291

0.1396

81

A24

Bayou hour 24

500

0.1279

0.1428

82

LB 7

Laboratory Blank # 7

500

0.1293

0.1292

114

277.8
68.7
105.9
65.2
48.3
-0.4
60.6
68.9
43.4
57.4
32.3
46.1
35.5
35.7
37.3
52.9
34.3
28.1
17.9
26.4
-0.4
26.4
21.4
28.7
17.9
20.9
29.7
-0.3

